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PREFATORY NOTICE. 


# 

I N tlie beginning of 1887 my predecessor, Mr. Medlicott, wrote as fol- 
lows in his Annual Report of the Geological Survey : — The two first 
parts of the Manual of the Geology of India, issued in 1879, have been 
out of print for some time, and the question of re-writing it has been 
much upon my mind. Parts of it would require abridgment, leaving local 
information to be sought for in the special Memoirs ; and parts of it 
would need alteration and addition in view of extended information. 
The greater part of the two volumes was written by Mr. Blanford, 
who was for the time relieved of other work. To re-write the whole 
while carrying on the manifold current duties of the Survey has been more 
than I could attempt in India with any justice to either.” 

The directing of the Survey since Mr, Medlicott^s retirement is even 
fuller of current duties, not the least of which has been a considerably 
increased system of frequent tours over the length and breadth of the 
land ; so that, however pressing it may also have been on my mind, 
I have been unable even to venture on the elaboration of a revised form 
of Messrs. Medlicott and Blanford^s most excellent work ; and I therefore 
gladly accepted Mr. R, D. Oldham’s offer to prepare a fresh issue accord- 
ant with our progressive survey of the Empire. 

Mr. Oldham had had a varied experience of survey work over widely 
separated tracts in India where he had opportunities of studying most of 
our representative formations in their peninsular and extra-peninsular 
development : while of his own motion he devoted his first period of 
well-earned leavt^ to a comparative study of our Gondw^na representatives 
in Australia. His close acquaintance with the literature, as evidenced 
in the careful Bibliography of India^t Geology^ compiled by him in i888, 
had already indeed predisposed me in favour of a possible ultimate 
placing of a second issue of the Manual in his hands; and in now au- 
thorising that issue I would fain hope that my choice may be justified. 

WILLIAM KING, 

Director^ Geological Survey of India. 





PREFACE TO THE FIRST EDITION. 


T he want of a general account of Indian Geology has been feit for 
some years. The regular Geological Survey of India may be 
considered to have commenced in 1851 ; and but few of those who took 
part in the work during the earlier years now remain in the service. It is 
desirable, before all the older members of the Survey pass away, that 
some record of the early observations^ many of which are unpublished, 
should be rescued from oblivion, for the benefit of future explorers. The 
published Memoirs and Records of the Suivey, moreover, have now 
become too numerous and bulky for general use ; and it is difficult for any 
one, without much study, to gather the more important observationson the 
geology of the country from amidst the mass of local details. Many papers 
on Indian geology are also scattered through various Indian and European 
periodicals. As a guide to all w’ho have occasion to acquire a knowledge 
of Indian geology, or wlm desire information from a love of the science, 
some compendium of the observations hitherto collected has become abso- 
lutely necessary ; and the present Manual has been drawn up, by direction 
of the Government of India, to supply the deficiency. 

It was originally desired by the Government that this work should 
prepared by the late Dr. Oldham, or that the compilation should have the 
advantage of his supervision. As Dr. Oldham was the first Superintendent 
of the Survey, and remained at the head of the Department from its com- 
mencement in 1851 to i8y6, he would, unquestionably, have been admir- 
ably qualified to carry out the work ; and it was his own desire to do so, as 
the completion of his labours in India. Failing health, ho^vever, and the 
pressure of other duties, prevented him from even commencing the task; 
and when, at length, he was unable any longer to remain in the country, 
the duty of preparing a Summary of Indian Geology was left to his 
successor. At this time the only preparation that had been made for the 
work ^vas the partial compilation of a general Geological Map of the 
Peninsula. ' 

The double authorship was not entirely a matter of choice; although 
undertaken, and carried out, most willingly by both the writers. Both 
have been engaged in the work of the Survey almost from the commence- 
ment ;^aod as- each has, in the cpur^.of, his' service, exartnined,, very* large 
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areas of the country, the comblnatibn secures the description and discns- 
sioiij from personal knowledge, of a much larger portion of In<lia. At the 
same time the advantages of wider experience and thought may not be 
found an adequate compensation for want of uniformity and occasional dis- 
crepancies — the natural results of divided authorship. To secure, so far 
as possible, the responsibility of each author for the facts and opinions 
stated, the initials of each are affixed in tire Table of Contents to the chapters 
contributed by him. Every such chapter has been read and revised by 
the other writer; but the alterations have in no case been of more tlian 
trivial importance ; so that each chapter may be practically taken as an 
individual contribution. The number of subjects is so large, and the con- 
nection between them, in many cases, so slight, that the lack of uniformity 
will not, it is hoped, seriously detract from the usefulness of the Manual. 

In addition to the subjects discussed in the present work, it was, at first, 
proposed to add an account of the Economical Geology, and to treat in a 
special chapter of the known Mineral Resources of India. But the length 
to wdiich the Manual has already extended has rendered it advisable to 
postpone this very important subject, and to reserve it for a separate 
volume. 

Although many of the details in the w^ork now issued have not previ- 
ously been published, and although the discussion of the observations involves 
several new deductions and suggestions, the book is, in the main, a compi- 
lation ; and it is quite possible that, especially in treating of areas and 
formations of which the authors have no personal knowledge, full justice 
has not always been done to the views of original observers. It has, in 
several instances, been thought more important to point out possible 
causes of error than to endorse opinions which, although very possibly 
correct, are not sufficiently supported by published data to be accepted 
as conclusive. In all such cases full references to previous publications 
have been furnished ; and an examination of the details given in the latter 
will, it is hoped, serve to correct any errors of interpretation on the part 
of the authors of the present work. 

The numerous and large areas left blank in the annexed Map show, 
at once, how far the present publication falls short of completeness, and 
how imperfectly the promise implied in the title is fulfilled. A note upon 
the Map further explains that large portions of it have been coloured 
from very imperfect information, from sketch surveys or rapid traverses 
affording no sufficient opportunity for a proper study of the formations. 
It had, however, become imperative, as a duty to the public, for reasons 
already mentioned, to bring together summary of the work accomplished 
since the commencement ofthe Surky,;>and it was equally essential, for 
the Survey itself,., '.that some'_gener'# Teeord of ihe results obtained up 
to date ^ should be compiled, only be attained by 
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attempting a general Map and Review of the Geology of India; but the 
reader must not forget that the present attempt is more of the nature of 
a progress report than of a finished work. 

The Map, it is feared, will be found defective in several other respects. 
Under the circumstances it was impossible to prepare a special reduction 
of the topography ; and, amongst the Maps of India available in the Sur- 
veyor General’s Office, there was, practically, no choice but to accept 
that on the scale of 64 miles to the inch, then well advanced towards com- 
pletion, as a basis for the geological details. The scale is inconveniently 
small for all parts of the country that have been geologically mapped in 
any detail, and the mountain ranges have not been inserted ; so that many 
features discussed in the text are not indicated. But the most serious 
drawback is in the names of places. Many towns of importance are 
omitted, owing to the small scale ; and other names of interest, for pur- 
poses of geological description, such as those of fossil-localities, or of 
villages near important sections, are wanting. Nor is this alL The spelling 
of Oriental names is a well-known cause of perplexity ; and the confusion 
has been increased by the unfortunate circumstance that, while one sys- 
tem has been adopted by the Great Trigonometrical Survey, and employed 
ill all the maps, including those of the detailed Topographical Surveys, 
issued by the Department, an entirely distinct system has been employed 
by the Revenue Survey, by whom the maps of all the best known parts of 
the country have been prepared. Under the first system, each letter in 
the Indian language is represented by a corresponding letter in the 
Roman character ; diacritical marks and accents being employed to distin- 
guish such consonants or vowels in the latter as are required to represent 
two or more sounds, and the Italian or German sounds of the vowels 
being used, instead of the English. Under the second system, an attempt 
is made to represent the original sound by English spelling ; double vow- 
els being largely used, but no diacritical marks. The imperfection of the 
latter plan is manifest ; because, in the first place, the sounds, of the vow- 
els especially, in English, are variable, and incapable, in many cases, of 
representing those of Oriental languages ; and, secondly, the representation 
of the true names by supposed equivalents is arbitrary, depending chiefly 
on the ear, often very imperfectly trained, of the transcriber. When maps 
of large areas, as in the present case, are compiled, the mixture of names, 
spelt according to two different systems, is inevitable. The attempt at a 
general revision of the nomenclature, however desirable, would have 
involved serious delay. 

Of late, the Government has adopted a compromise in the question of 
spelling, and lists of the principal places in each province have been 
issued ; the familiar and well-known names being spelt in the manner that 
has become customary by usage,; whilst; transjiteratiou' 'is employed Ja alT 
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other cases, with the exception' that no diacritical marks are used for 
consonants. This system is obligatory for all official publications ; and it 
has, consequently, been adopted in the present work. In some cases, 
however, the lists for particular provinces have not been published in time 
to be available ; and in the following pages it is not unfrequeiitly necessary 
to mention places not contained' in the' - lists, and the proper vernacular 
pronunciation of which is unknown to the writers. In such cases, an at« 
tempt has been made to spell the name according to the recognised system ; 
but it is only fair to warn the reader that no dependence can be placed 
on many names of places, specially upon those in the south of India, when 
taken from old maps. 

In the preparation of the Map a large share has been taken by various 
Officers of the Geological Survey, all of whom have contributed. The 
colouring and printing have been carried out at the Surveyor Geiierafs 
Office, under the superintendence of Captain Riddell, R.E., to whom the 
authors beg to express their obligations for the labour he has given to the 
work, and for the assistance he has afforded to them personally. 

In the plates of fossil plants and animals at the end of the work some of 
the most common and characteristic forms of organic remains found 
in India are represented. The plants ha\^e been selected and arranged by 
Dr. Feistmantel, and the tertiary Mammalia by Mr. Lydekker. All the 
plates are lithographed by Mr. Schaumburg, whose work wdll answ^er for 
itself. The majority of the figures are from original drawings, or from the 
Palaeontologia Indica j” the remainder are copied from other works ; but 
these copies have, in many cases, been compared with specimens. 
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'"T^HE first edition of the Manual of the Geolog’y of India -v^ as found to sup- 
1 ply a want so much felt that it soon went out of prints and for several 
years has only been procurable from the dealers in second-hand books* 
it had, besides, become out of date in many parts, and the Government of 
India decided that the time had come for the preparation of a new edition. 

So great have been the strides made in our knowledge of Indian 
Geology in the last fifteen years that it has been found possible to entirely 
change the arrangement of the book and to adopt the more scientific and 
orderly course of describing the rocks in chronological order, instead of 
breaking the book up into a series of descriptions of separate districts^ 
as was found to be inevitable in the preparation of the first edition. 
There is not, unfortunately, everywhere the same certainty regarding the 
proper position in a chronological arrangement of particular groups of 
beds. Frequently the true homotaxis is unknown, and there is a conspicu- 
ous instance of the mistakes which may then be made, in certain rocks 
of the Arakan Yoma, which were supposed to be tuiassic at the date when 
this second edition was written, but have been- shown to be eocene as the 
pages were passing through the press, and consequently rocks which 
should have been classed with the tertiary were described in the chapter 
devoted to the carboniferous and trias. 

Many districts have remained untouched since the publication of the 
first edition, and in all such cases, and wherever indeed no serious modifi- 
cations of the original text have been necessary, it has been allowed to stand 
practically as in the original publication. Ail these passages have been 
carefully revised and generally more or less condensed, while many minor 
alterations needful to adapt them to the altered scope and arrangement of 
the work have been made, as well as such alterations as have been neces- 
sary on account of the advance of our knowledge. In the table of contents 
the portions in which the first edition has been taken as the basis of the 
text are distinguished by a different type from that which refers to the 
portions which are new or have been entirely re-written. 

As there is now a special volume devoted to the economic aspects of the 
geology of India^ not to mention the Dictionary of Economic Products and 
the Handbooks of Gorntnercia! , Products of 'theTlmperial Institute, it lias 
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been decided to exclude all references to economic geology in this work. 
The references would necessarily have to be too brief for commercial pur- 
poses, while they would have confused the stratigraphical descriptions and 
increased the bulk of the volume. It is, therefore, better that these sub- 
jects should be relegated to the books specially devoted to them. 

For the rest, the remarks in the preface to the first edition, relative to 
the geographical basis of the Geological Map of India and the spelling of 
place names, still hold good. As regards the latter, the imperial Gazetteer 
of India has been adopted as a standard by the Government of India and 
the Royal Geographical Society. The spelling in that work has conse- 
quently been followed, and as regards places not mentioned in that work 
the same system of spelling has been adopted so far as possible. I'lie 
scale of the Geological Map adopted for this edition is smaller than that of 
the map issued with the first edition. It is hoped that the alteration will 
make the map more convenient to consult, while the amount of detail 
that can be exhibited remains practically the same, and the impossibility of 
finding a map showing all the places mentioned in the text has been 
rectified, so far as possible by an index of place names giving their geo- 
graphical co-ordinates. 

The date of the map will be seen to differ from that of the title-page 
of the book ; this is due to the fact that it was necessary to go to press 
with the map before the text was completed. The map consequently repre- 
sents the state of information available in the office of the Geological 
Survey on the 31st December 1891, while the text dates about four months 
later, and subsequent additions and corrections have been made in foot- 
notes up to the beginning of this year. 

Finally, I have to express my obligations for the help so readily ren- 
dered in the preparation of this work, specially to Prof. Suess, for the loan of 
the illustration block on p. 202, and to Dr. W. T. Blanford, who, in addi- 
tion to other assistance, has been good enough to read the proofs of the 
passages referring to the fossil tertiary and pleistocene mammalia. 
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of Cutch (13), Evidence of glacial period, former extension of Himalayan glaciers, boulders 
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volcanic eruption ; in Bay of Bengal (tS), Londr lake, Salses or mud volcanoes (19), 
Burma, Ramri and Cheduba(20),. ignition of marsh gas by lightning (21), Assam, Baluch- 
istan (22}, , \ L' , ' 7. ' 
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CHAPTER 11 

METAMORPHIC AND CRYSTALLISE ROCKS. 

Great extent, imperfection of data available '(2.3), gneissose rocks of two ages, older 
or Bundelkhand gneiss, leading ■ characters and distribution, newer or banded gneiss 
appears to pass into transition .rocks, doubtful validity of separation, a large part probably 
newer than, Bundelkhand gneiss (24). La Croix suggests presence of groups of successive 
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at the Ken, sandstone and conglomerate associated with gneissose rock (52}, possibly a 
metamorphosed arkose. Bijawars of lower Narbadd valle}^ relation to gneiss (53b 
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and at Luckeeserai, analogy to section in the Ken, probable equivalence of Behar transi- 
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(82)5 relation to gneiss, subdivisions, disturbance (83). Karnul ser;e5, sepriraiian from 
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Vindhyan area, general absence of disturbance, local di.sturbance at Jhalra Patan 
(102), Dhar forest. Faulted boundary of the Vindhyans to the Araval Us, analogy to 
main boundary of the Himalayas (103), analogy of Vindhyans to Gangetic alluvium and 
Siwaiiks, age of the AravalH mountains (104). Outliers of supposed upper Vindhyans 
in Bundelkhand, peculiarities and probable mode of origin ( 105). Vindhyans west of the 
Aravallisj relation to Aravalli mountains, glacial beds of Pokaran of doubtful Vindhyan 
age, relation to^Vindhyans of main area (io6). Diamond bearing rocks of India, of 
approximatelylequallage, diamonds derivative, original source of the diamond (107). Re- 
sume, relative age of rock systems, probable equivalence of Gwalior and lower Cuddapah 
rocks (108). 

CHAPTER V. 

OLDER PALiEOZOIC SYSTEMS OF THE EK.TRA-PE NIXSULAR AREA. 

Marine fossiliferous deposits. Salt range, subdivisions (109! ; Salt marl, absence of , 
stratiication, salt and gypsum deposits, impurities of the salt, gypsum beds (iiok sup- 
posed hypogene origin of the salt marl, appearance of intrusion (ni), evidence not con- 
elusive. Kohat salt and gypsum, supposed age and origin, gypsum due to hydration of anhy- ' 
drite, anhydrite inclusions in quartz crystals,, general conclusions (112); Purple sandstone ; ; 

Neobolus beds, yambrian fossils; Magnesian sandstone {113); Salt pseudomorph zone. 

Central Himalayas, classifkation of beds, Haimanta series (114), passage to Silurian, Silurian 
ossils (115). ' Cuter Hiailayas, unfossiltferous slates mapped as Silurian, in part carboni* 
ferouS' ; Attoefc slates, trias and cretaceous fhssils,, -Kashmir Jaunsar series, volcanic 
beds, resemblance to ' Haimantas 5,,,,mpbaii::; llm^^ distribution '(117). Supposed 
organic remains ; Baxa series 7 ;:Devdtdaa'.fos 4 la;mThib ; Silurian of Burnm ,(118)* - 
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chapter VI 


CAUBOmfnmvS and TRIASSIC rocks of EXTRA^FENINSULAR INBIA:, 


Passage between palaeozoic and mesozoic. Salt ranf© {119)5 glacial boulder bed? 
fragments derived from tbe south, facetted pebbles (1120), Australian fauna, upper carboni* 
ferons age (121)5 distribution of fossils in Productus beds (122), speckled sandstone- 
Productus beds, classification (123) ; lower Productus beds, change of fauna, absence of 
Autralian forms, European affinities (124), permo-carbOniferous age, changes of land and 
sea, Salt range fossils in China ; middle Productus beds {125), relationships of fauna, 
appearance of mesozoic types (126); Upper Productus beds, permian facies of fauna, palae- 
ozoic ammonites (127) ; Chidru group, great change of fauna, abundance of mesozoic types ; 
probable age. Trias of Salt range ( 128}. Central Himalayas, crinoid limestone, possible 
glacial beds (129), Kuling series. Trias, subdivisions, lower trias (130), supposed rhaetic 
and lias, provisional character of conclusion (131), palaeontological break between Silurian 
and carboniferous, absence of rhsetic and Has. Carbonaceous system of Simla Himalayas, 
Simla slates (132), Blaini group, glacial boulder beds, infra-Krol carbonaceous slates (133), 
Krol or Boileaugunj quartzites, felspathic grits of western Garhwal. Upper carbonaceous 
slates. Volcanic beds. Kashmir carboniferous (134), glacial boulder bed, carbonaceous 
slates and volcanic rocks, fossils (135), affinities of fauna; Trias. General similarity to car- 
bonaceous system and contemporaneity of origin (136) ; connection of Simla and Kashmir 
areas, absence of fossils south of snowy range. Former correlation of the Blaini groups 
consequent errors (137). Supposed trias fossils in Simla district Outliers in Kagan. 
Hazara, carboniferous, infra-trias of Sirban Mountain ( 138), Tanol series, Trias of Hazara. 
(139). Carbon trias of Pir Panjal and Dhaoladhar, inliers of limestone in tertiary zone. 
Karakoram range, Syrtngospkaeraheds (140), Afghanistan and Sulaiman range. Supposed 
carboniferous of Tenasserim. Maulmain group (141). Limestone of Tenasserim and 
Mergui Archipelago. Unfossiliferous slates of doubtful age ; Khwaja Amran range, not 
tertiary (143), serpentine intrusions, Trias fossils in Baluchistan ; Arakan Yoma (144}, axial 
beds, supposed triassic age; since proved to be nummulitic (i44)» Negrais rocks, description 
(145), serpentine intrusions (146), distribution. Manipur (147), resemblance to rocks of 
Simla area. Disang group of upper Assam (14S). 


CHAPTER VII 


THE GONDWANA system. 


Origin of name, extra-peninsular outcrops (149), distribution in the Peninsula. Fluvi- 
atiie origin (150), possible lacustrine origin of the Talchir group, relations to older and newer 
rocks (151). Connection of outcrops with existing river valleys U52), faulted boun- 
daries (153), supposed deposition against cliffs, evidences of disturbance (154). Barrenness 
of Gondwana rocks, contrast of lower and upper Gondwana floras (155), classification 
of the Gondwana rocks {156). Talchir group, glacial boulder bed (157), glaciated rock 
surfaces in Penganga valley, trappoid beds, resistance to weathering {158), flexible 
sandstone, fossils, possible lacustrine origin (159), evidence of existence of glaciers. 
Karharbari group, separation from Daniudas (160), description, conformity writh Talchirs, 
distribution (161), fossil plants. D am uda series, subdivisions (162), flora {163) ; Bara- 
kar group characteristics, structure of the coal (164), Ball coal, relation to Talchirs; 
Ironstone shales (165) ; Raniganj group ; D.amudasof Satpura area, Motur group, 
Bijori group (167), flora. Godavari Valley and Chhatisgarh, Kamthi group (l68). 
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descripUon and flora, Mdngii beds ( 169), fossils. Aimed group. Pd nc;;et group (170), 
fossils (171). Mahadeva series, Pachniarhi group (172), Denwa and Bagra groups {173), 
other exposures of MahMeva rocks. Dubrdjpur group (i 74 .H Pajmanal senes, volcanic 
rocks (i7S\ foci of eruption, dykes 'of 'Raimabal , age (176;, original extent of volcanic 
rocks 5 interval between Damuda and Rajmahal periods i„ flora of the Rajmakll group 
(X77), contrast between Damuda and Rajmahal floras; outliers on east coast, Athgarh 
basin (178), Ellore area, subdivisions, flora ''of the- Gobpilii group (179) Ragavapiiram 
and Tripetty groups (180), marine fossils 'and range in time; Ongole area, three-foM 
division, equivalent to groups of Ellore area (I'S'i)'; Srlpermatur and Sattavedu groups; 
Triebinopoli area (182) ; flora of the Outliers (183) ; comparison with other groups. Kota- 
Maleri groups (1S4), fauna and flora- (185), presence of a Panchet fossil, correlation with 
the Denwa group. Chikiaia group (18-6}.- Jabalpur group, flora (iS;t, relative age. 
Umia group (1 88}, flora of the Umia and Katrol groups; Kathiawar plant beds {189), 
relation of Kathiawar and Umia beds to Jabalpur group (igo). 


\ - 'CHAPTER YllL 

;.,homotaxiS'Cfth^ 

Controversy now extinct (191), alflmties of the Damuda and Rajmalial flora (igi), 
Heterogeneous character of the floras, ' difficulty of determiningrelatioashlp of fossil plants, 
Alliances of the Panchet flora (193) of -the Umia and Jabalpur floras (194), palasontologkal 
contradiction in the Umia group. Affinities of the Gondwana faunas (195}, Goiidwana 
florain Tongking(i96}. Gondwanas of Afghanistan (197). Coal measures of Australia, 
Bacchus marsh beds, glacial origin, correlated with - Takhir beds ; sequence In New South 
Wales, marine carboniferous (198), glacial boulder beds, contemporaneous with Bacchus 
marsh beds, flora of the Stony creek and Newcastle beds (icp), affinities with the Damuda 
floras, equivalence of Newcastle and Barakar gfo-ups. Hawkesbary group, recurrence of 
cold (200), indications of cold in the Panchet group, probable equivalence. South Africa, 
Karoo series (207), characters and distribution (202), classification, Karharbari and Damuda 
plants in the Ecca and Beaufort floras, gkeiai boulder bed in Ecca group (203), reptilian 
fauna of the Beaufort beds, Australian fades of Stormberg flora (204';, Uitenhage series, 
affinities with Rajmahal flora (205). Correlation of the rock groups, equivalence and upper 
carboniferous age of the glacial beds and of the Barakar, Beaufort, and Newcastle groups, 
permo-carboniferousage (206), Panchet, Stormberg, and Hawkesbury beds, trias. Rajmabai 
group, doubtful age (207), minor uncertainties of the correlation (208), range in time of the 
Gondwana system. Evidence of a former land connection v/ith Africa 1209 4 close connection 
of Goadwana and African floras necessitates land connection |3io), evidence of marine 
provinces in Jurassic- and cretaceous periods ; bearing on doctrine of pennanence of 
oceanic areas (211), and on the constitution of the earth’s interior. Probable changes of 
latitude, carboniferous glacial beds within the tropics (212), recent evidence of secElai* 
changes of latitude (213), Fisher’s theory of the constitution of the earth (21 4). 


CHAPTER IX. 

Marine. Jurassic^ Rocks. 

Absence in peninsular area. .Cutch,(2i5), general distribution and subdivision (216), 
classification (217); Patcham group /(aiB);;. OWi, group, subdivisions, mmrocefhalu^ 
beds^(2i9), Dhosa oolite, general d^tribptipiri^^ the Cepbakp^Ja ; Katrol 

^ group (221), Kantkot sandstone, the Cephdopgda (223), Umia 
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gruiip, general description (223), palseontological coiitradiciion between lloj-a and fauna 
(224.), upper oolitic age. Correspondence of horizons with Europe (225), general results 
of the examination of the Gutch Cephalopoda^ Jurassic rocks of Western Rajputana 
(226), 1 mer sandstone, Jaisalmer limestone, Bedesar and Parihar groups (227), Abu r 
group or Knchri ammonite bed. Salt range, connection in Cutch jnras.sics (228). Hima- 
layas, Spit! shales, Giumal sandstone, Jurassics of Hazara (229). Doubtful jurassics of 
,Wesleoi.;;Garliwil, TM beds. (230.) 


CHAPTER X. 

Marine cretaceous rocks of the Indian Peninsula. 

History (231), distribution and relation to other rocks (232), classification. Utatur 
group, general description (233), coral reefs, littoral character of upper beds, derivation 
of sediment from the north (234), fossil wood, distribution, fauna (235), middle cre- 
taceous, presence of older forms 5 Trichinopoli group, general description, granitic 
pebbles (236), source of the pebbles, littoral character of deposits, un conform able to Uta- 
tiir group (237), distribution, fauna, Jurassic types (238); Ariyalur group, possible sub- 
division (239), conformity to Trichinopoli group, distribution (240), relation to older and 
newer rocks, mode of formation, richness of fauna (241), upper cretaceous age, Jurassic 
types, abundance of gasteropoda, occurrence of Megalosaurns an oolitic reptile (242). 
Richness of South Indian cretaceous fauna (243), palaeontological anomalies, creta- 
ceous fossils of Sripermatur (244)1 distribution of invertebrate fossils, in the groups 
(245). Affinities of fauna with Khasi hills cretaceous fauna (246), and with South African 
cretaceous fauna {247), former continuity of coast line. Western India, Bagh beds 
(24B), general description, nodular limestone, Deola and Chirakhan marl, coralline lime- 
stone (249), fauna of the groups (250), correlation, Cenomanian age, contrast to fauna of 
South Indian cretaceous (251), large proportion of European forms, cretaceous fauna of 
Arabia, contrast with South African fauna (253>, a land barrier between the marine prov- 
inces, Nimar sandstone, doubtful cretaceous age, possibly Mahadeva Wadhwan sand- 
stones of Kathiawar (253), equivalence with Nimar sandstones, and age. Stratigraphicai 
relation to Deccan trap (254). 


CHAPTER XL 

Deccan Traf. 

Extent (255), name, peculiarities of scenery (256), vegetation, petrology, abundance 
of amygdaloids (257), columnar structure, volcanic ash (258), bole beds, mineral constitu- 
ents (2S9), secondary minerals, zeolites (260), horizontality of bedding, thiniuss of separ- 
ate flows (261), sedimentary beds, thickness of the series (262). Lameta group, general 
description (263), relations to underlying rocks, and to overlying trap, distribution, rarity 
of fossils (264), fauna. Intertrappeans (265), general description (2(6)^ ailcrnation with 
traps, small extent of individual beds, distribution (267), fossils, fresh water origin. 
Rdjamahendri outcrops (268), infratrappean, fossils, relation cretaceous of Southern Indian 
marine origin, doubtful correlation with Lameta group (269), intertrappeans, description 
fossils, estuarine origin (270), relationship of fauha*;, Intertrappeans of Bombay, position 
in trap series ,(271), confined to upperihoM ; beds,-' ^ (272) .fossils, deposited' T'n 
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marshes (273). Origin of the traps, characteristics of subaqueous eruptions, absence 
of stratified ash beds, or marine organisms in the Deccan traps (274). Uneven sur- 
face of underlying rocks, sub^erial erosion of Bigh beds, fresh water origin of inter- 
stratified sedimentary beds (275), hypothesis of subaqueous origin in a large lake rejected 
{276), difficulty of accounting for honzontality. Sources of eruption, evidence of asli 
beds, distribution of dykes (277), Rajpipla hills, supposed vents in the Konkan, trachytic 
cores (278), distribution of dykes outside trap area (279), lavas flowed far from their 
sources. Age of the Deccan trap, unsatisfactory evidence of Rajamahendri beds, inter- 
trappean fauna (280), relation to eocene of France and Laramie of America, relation to 
cretaceous of Narbada valley (281) and to tertiary in Surat, Gulch, and Sind, general 
conclusion (282). Recapitulation, history of the Deccan trap period (283). 


CHAPTER XII. 

CRETACEOUS ROCKS OF THE EXTRA PENINSULAR AREA. 

Continuity of cretaceous and tertiary deposits, breaks in the succession only local. 
lated exposures of lower cretaceous rocks (285), Cutch, Chichali pass, Hazara. Cretaceous 
of Sind (286), Hippurite limestone (2S7), Carditabeaumonti beds (288), age, volcanic beds. 
Baluchistan {289), Hippurite limestone, Belemnite beds, unconformity, Dunghan group (29o)» 
palaeontological anomaly of fauna ; section near Khelat (291) j Sulaiman range. Petroleum 
(292). Afghanistan, Kandahar section, volcanic beds, basic (293), and syenitic intrusions . 
Turkistdh section. Central Himalayas, Chikkim series (204). Thibet. Assam, Khasi hills^ 
coal beds, Chera sandstone (295), original limitation, Garo hills, Jaintia hills (296), Arakan 
Yoma, Ma-i group, rocks included and extent. Supposed cretaceous of Tenasserim (297)’ 


CHAPTER XIIL 

tertiary deposits [excluding those of the Himalayas), 

Peninsular tertiary confined to west coast. Travancore (299). Ratnagiri. Sural, and 
Broach, lalerite beds (300), nummulites, upper gravelly beds (30 i\ no nummulites. Ter- 
tiary of extra peninsular area, difference between upper and lower. Tertiaries of Sind, classi 
ficalion {302). Rani'kot group, description (303) age 3 Baluchistan area, Ghazij group 
Pseudo-conglomerate (302), coal seams, original limitation ; conformity of tertiary with 
cretaceous, KiTthar group in Sind (3c 5), Rohri hills, local unconformity to Raidkot group, 
change of character to the south (306), relation to Ranikot, evidence of the echinoderms . 
Baluchistan area, Spintangi group, nodular structure, gypsum beds (307) ; outliers in Western 
Rajputana. Nari group in Sind, subdivision (308}, possible original limitation, change 
of character to the south (309), possible fluviatile origin of upper Ndri, age, exposures in 
Baluchistan (310). Gaj group in Sind, absence of nummulites, passage into Manchhar 
series, change of character to the south (311), general conformity and local unconformity. 
Nari group, fossils {312). Manchhar series, equivalent to Siwaliks, subdivision, differ- 
ence between lower and upper (313!, local unconformity to lower beds, general conformity, 
marine beds to the south {314), distribution % Mekran group (315), fossils, probable marine 
equivalent of the Manchhars. Fossils of the Ivianchhar series (316), character of the 
\»ert ebrate fauna (3 1 7). BaMchistdn' area, unconformity between Siwalik and nummulitic, 
Siwaliks of the Quetta valley plains, dlstui bed, river gravels (318), vertebrate, .and aberrant 
.fresh water moMuscan, fossils in BugtiEiiIs,.ViTeriiarie^ relation to Deccan 


CONTENTS, 


trap, chissification (320) ; sub-numniulitlc group ; gypseous shales 5 nummulitic limestone 
(321) 5 arenaceous group ; argillaceous group, equivalent to Gaj ; upper tertiary (322), 
Kathiawar, eocene Outcrops, miocene beds, upper tertiaries of Perim island(323), Mammalian 
fauna, Dwarka beds (324), Afghan Turkistan. Kohat tertiaries, classification (325), rock 
salt and gypsum (326), difference from Salt range Salt Mari, nummulitic beds (327), upper 
tertiaries# Eocene volcanic beds of Thai. . Assam, Garo hills nummulitic (328), increase 
of limestone to the east ; Khisi hills, Cherapunji coal (329), relation to cretaceous fossils 
(30^)9 a limit of deposition, easterly extension of nummulitics. Coal measures of upper 
Assam (331), probable eocene age. Upper tertiaries, Garo hills, marine beds (33a), disturb- 
ance, outliers on high ground (333), Nagd and Manipur hills, upper Assam (33 1) Dis- 
tribution of upper tertiaries, original extent, special upheaval in Manipur (335)# Tertiaries 
of Burma, classification, nummulitics (336;, general description {337), coal bed, exposures 
west of the Arakan V'oma; Pegu group (338}, Sitsyahn shales, Prome beds, volcanic bed, 
extent {"339) possible cretaceous inliers, possible representative west of Arakan Yoma. 
Fossil wood group (340), fossil wood, vertebrate fossils {34.1). shark^'s teeth, probable fresh 
water origin, former extension (342); Upper Burma, volcanic outbursts. Tertiary coal 
bearing beds of Tennasserim (34.3). Andaman and Nicobar islands, Archipelago series 

{314)' 


CHAPTER XIV, 

Tertiaries of the Himalayas {inclndlng the North-Wssi^yn Punjab), 

Two areas, central and Outer Himalayas. Indus valley, glacial beds (3^5)# doubtful 
tertiary age, nummulitic limestone, volcanic beds 1346!, original extension, outliers | 
(347), tertiaries of Hundes. Doubtful tertiaries north of Sikkim. Outer Himalayas (34^), 
classification, Sirmur series, Subathu group (349) ferruginous bottom bed, relation to 
older rocks; Dagshai group (350), Kasauli group, passage from marine to fresh water 
conditions ; Subathu inliers of Jammu hills (351) Salt Range tertiaries, nummulitic 
limestone, Cardita beauntonti beds. Hill nummulitic limestone of Hazara (352), inliers 
in newer tertiaries. Correlation of Eocene beds, east and west of the Jehlaoi (353), Sait 
range nummulitics older than Subathu, unconformity at top of Salt range nummulitic lime- 
stone, possible equivalence to hill nummulitic limestone, older than Subathu 1 354), Murree 
beds, age, mammalian fossils from supposed Murree beds (355). Siwalik series ; lower 
Siwaliks. Nahan group 336), lithological similarity to Dagshai group, distinctness, limi- 
tation (357}, fossils; middle and upper Siwaliks, subaerial origin of Siwaliks (35 iJ) thickness. 
Age of theSiwdliks, Molluscan {359) and mammalian fauna, pleistocene and miocene types, 
general character of fauna (361), large proportion of recent mixed with miocene genera 
(362}, evidence of reptiles, fishes, and birds, pliocene age (363); relation to Alanchhar fauna 
of Sind. Pikermi beds (364), fauna, affinities to Siwalik, miocene species (365), pliocene 
age. Migration of miocene mammals of Europe to Africa {367), and to India, non-exist- 
ence of Himalayas m miocene period. Relation of Siwalik to recent fauna, disappear- 
ance of dominant types (367),Jnfluence of the glacial period. 


CHAPTER XV, 

Laterite. 

Laterile, importance, order of description (369). composition, cliaracter (370), scoria- 
ceous aspect (371), Uthomarge, detrital nature, recementation, barrenness (372). High level 
and low level laterite, distinction of distribution, no distinction of character ( 373 )j difficulty 
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of ascertaining detrita! or non-detrital origin Distribution of high level late- 

iite {.,74), aeii e o a-jraa a t s ( 375 ), denudation and antiquity of the high level 

latente(37m, aistnbiition of low level y ^ 1 -71 

- ^ ^ V • r ^^*^**^^ (378), origin of latente, chemjcal change, 

transference oi iron oxide, hypothesis of orio-m u 1/ .. r i. - % I 

, 1 . . , . j c ‘ f • • , by alteration of basalt (379), passage of 

basalt into latente, denciency of iron m basaif \ t r j t • 1 • 1 

. , p, u . v3oo), absence of amygdules in laterite, only 

certain lava flows capable of alteration into f • t, -1, 

(^8il. difficultias of supposing sedimentary ijl, ’ “"'versally applicable 

of Bundelkhand laterite (382), former cohSn! v > f r"’ ^ T 

the Deccan. Laterite of Malabar, vesicular eve iater.te of Bundelkhand and 

vesicular laterite formed in situ. Iron (sSsl.pelletyvanetyOfdetnU^ 

rv of hypothesis of 


action of vegetation 13 ^ 4 )- Summary of theorie's "ATir Tt a 

by decomposition of underlying rocks, difficuu ’ 

dement in its formation, thickness of some n!ri’ Proportion of iron (385), time an 
conditions of formation (386), Geological „ “ ^ 

formed. Laterite of east coast, not true P"* (387), partly still being 

post tertiarv origin, denudation, antiquity (33 origin, stone implements (388), 


chapter XVI. 

Pleistocene and recent deposits (p^^? . 

' of the Indo-Gaugetic alluvium). 


Extent, difficulty of separation from terti 


stones, 

Miliolite 


les. extent (392), fossil wood, age and classification. Cuddalore sand- 

ioHte of Kdthiawdr. Cave deposits (ggl ( 393 ), Warfcalli beds, possibly tertiary (394). 
and 'I'apti, alluvium of eastward flowing rivers / r>vial deposits, valley plains of Narbada 
rock basin, fossil fauna (398), stone impIemp„V^^f'' ^^rbada alluvium {397), occupies a 
(400) ; Tdpti and Puma alluvium, salt wells. - fluviatile origin 


Kistna alluvium (402), fossils and flint 
viiim 


Godavari alluvial gravels (40s), fossils 9 
sub-fossil shells, thickness, ’ diamond gravels; East Coast allu- 

at Valimukam ; smooth water anchorages . ^ ( 4 ^ 4 ) j submerged forest 

Coast (406), submerged forest at Bombay Coast 

Tripli (407) ; Gujarat and Kathidwar, littoral 


(405); alluvium of West 
coastal alluvium of Narbada and 
red soil ; R egur composition (41 deposits. Soils (409), 

{414). Peat. Blown sand (415), Jleri Or red, s ' (41 2I, theories of origin 

of the Indus (416), disturbed sutrecent beds west 

lacustrine deposits. Potwdr alluvium, erratic JKare^ ( 4 t 7 )# loess, pseudo- 

tho Indus (419), fossils in alluvium. Himdlav (4-^8), raised Indus gravels, floods of 

Hunde, mammalian fauna (422), Eastern (42 1). 

Burma, Engdain tract cf older alluvium (lo.'v ^'^S'liipur, upper Chiadwia valley (423). 

4 ) Irawadi delta (425.) 


chapter XVII, 


Extent (427), unity of Gangetlc and Indus „!.«• ■ , , . - 

Upper India (429), probable recent presence f no evidence of marine conditions in 

vium (431). Thickness of alluvium (432), Calcutr ™ ( 43 o), older and newer nllu- 

at Lucknow (434), Agra, Umballa, Sabsall ' 

Explanation of the terms kankar (436), bhiha^ f435)» Fossils in Jumna alluvium, 

'■'''"'iiardi, hhanga>-,khAiar,bhur {4^%}, 
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Alluvium of the Brahmaputra in Assam (434). Delta of the Ganges and Brahmaputra, 
windings of rivers (4:0^, backwardness of eastern delta, change of course of the 
Hral'iinaputra (441 ), ‘swatch of no ground.’ The Madhupur jungle (442), age of the 
Ganges delta, former continuity of Gangetic and Punjab rivers (443). Alluvium of 
Upper India (444), cause of distinction between bhhigar and khddo-r (445), coiuse of the 
Ganges ( 44 (>), changes of leveL Reh or Kalarj origin of Reh salts (447), cause of com 
cenlration, influence of canals. Salt wells (448), Alluvium of the Punjab; lost river of 
the Indian desert (440), former independent course of the Sutlej, the Saraswati of the 
Vedas (450); recent origin of the Khadar. Alluvium of the Indus in Sind, pas«^age of the 
Indus through hills at Siikkur (451), changes in the course of the Indus. Indus delta 
(452). Rann of Cutch {153), changes of level (454I Desert of western Rajputana, two 
types of sandhills (455), longitudinal type (456), origin, derivation of the s:.nd (457 u 
Other tracts of sandhills {458). 


CHAPTER XVIII. 
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THE AGE AND ORIGIN OF THE HIMALAYAS. 

Geographical limitation Of the Himalayas, views regarding their orography (459), moun- 
tain chains of the north-west termination (460', main range probatly an aggregate of 
separate chains. Three orographical regions, Tibet (461), snowy range and lower Hima- 
layas, Sub-Himalayas, lesser elevation due to lesser upheaval (462). Drainage system, 
rivers cross main range, cause, cutting back of transverse valleys (463), direct evidence. 
Stratigraphicai zones correspond with orographical (464}, Tertiaries of the sub-Hima- 
layas, distribution (465}, local conformities and unconformities C466), formed during disturb- 
ance; the main boundary fault (467) an original limit of deposition (46S) ; sub-montane 
recent deposits, relation to present river valleys, a similar relation in upper Siwaliks 
(469) ; Himalayas existed in pliocene times. Siwaliks deposited in an area of subsidence, 
encroachment of hills on area of deposition (471). Fisher’s theory of mountain formation, 
modification in the case of the Himalayas, agreement with observed facts (472). Theory 
tested, evidence of the borings (476K Himalayas non-existent in eocene period (477)^ 
absence of conglomerates in lower Siwaliks (478), tertiary age of the Himalayas, evidence 
of the Tibetan fauna (479). Opposing views ; greater antiquity, Middlemiss, successive 
boundaries of the Sub-Himalayas (48 1), comparative disturbance of tertiaries and older 
rocks, transverse str.ke (482), definition of the ag*e of the Himalayas, disturbance in Hima- 
layan rocks partly pre- Himalayan, recent origin, Howorth (483), supposed absence of 
glaciation, reason for absence of ice sheet (484), post tertiary increase of height, differential 
movements of surface, evidence of Handes pleistocene fossils (485), desiccation of Tibetan 
Ukes, origin of Tibetan lakes (486), Himalayas at their maximum development. Sup- 
posed connection between sedimentation and mountain ranges (487), sedimentary deposits 
of the north-west Himalayas, absence in Eastern Himalayas (488), divergence in two 
areas, position and elevation of the Himalayas not due to sedimentation (4S9). 
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the geology of INDIA 


CHAPTER I. 


PHYSICAL GEOGRAPHY. 

Scopeofthe work— Threefold division of British rrdio_r,r...,on, . 
peninsular areas— Mountain ranges of the Peninsula— Extra ® 

-Drainage of extra-peninsuiaf rangeslRHer sttT^ of tC’^ " rTL^ 
changes of level in the Peninsula-Changes of coast line „ 
Vo.cano.-Douhtful eases of volcanic aetiorisaLT" l^urvSlres!^”'” ' 

TT^-h r this book, coi 

1 with the limits of the jurisdiction of the Govern or- General of Iiidi? 

some fpv cases references to the geology of adjoining countries w 
found, but such are not many, and are all imperfect as they depen 
observations ^vhIch were made during hurried traverses and under 
cumstaiices precluding the idea of detailed geological work. In spi 
hese drawbacks the results have often been important, interestinJ 
impossible to Ignore, but there is generally less reason to congrat 
ourselves on the knowledge obtained of countries across the borfer 
to deplore our ignorance of large tracts within it. 

_ The general shape and principal features of British India the c 
triangular promontory with the pear-shaped island of Ceylon south-ea 
Its extremity, the great range of the Himalayas to the north, and the I 
area of Burma to the east, running down into the narrow strip of Tenassi 
along the east coast of the Bay of Bengal, are well enough known as 
as the prinapal political divisions of: the empire. But, for geological 
poses, the important point to be noticed is the threefold division of 
area into, /.if, the great Indo-Gangetic alluvial plain, comprising thel'u. 
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and Hindustda proper^ with Bengal and the eastern prolongations np the 
■valleys of the Brahmaputra and the B^rak ; the triangular area of the 
Peninsula, lying to the south ) and ^rd, the extra-peninsular area, compris- 
ing the hilly country west^ north, and east of the Indo-Gangetic plain. 

Nor is this division an arbitrary one. The geological history of the pen- 
insular and extra-peninsular areas has been radically different. Since 
iiie latter end of the paleozoic era the former appears to have been an 
area of dry land ; no sedimentary formations of marine origin have been 
found except near the present sea coasts, and there they thin out agaiiist 
the older rocks on which they rest, in a manner suggesting that the sliore 
line cannot have been very far removed from the present position of the 
coast when they were being deposited. In the extra-peninsular area, oxi 
the other liand, marine deposits range through the palaeozoic and mezozoic 
eras, and only in the latter part of the tertiary period is there any great 
development of deposits formed on dry land. 

Structurally too the two areas differ greatly. The Peninsula has under- 
gone no great compression since the close of the palaeozoic era, and the 
beds all he at low angles of dip. In the extra-peninsular area the con- 
ditions are totally different; the rocks have everywhere undergone great 
compression and disturbance since the commencement of the tertiary 
period, a disturbance which ranges in degree from the comparatively 
regular, though high dipping, folds of the Baluchistan and F’unjab hills, to 
the complicated overfolds and thrust faults of the Himalayas. 

This difference in geological history finds its expression in the differ- 
ence of the present contours of the two areas. In the extra-peninsular 
area w^e have mountain ranges which coincide with regions of special eleva- 
uon, that is, the courses of the principal chains, and often of the minor 
ridges, are governed by their structure and are the direct result of the 
compression, and consequent disturbance and elevation they have under- 
gone. As a result of this, the valleys are deep, narrowq and steep-sided, 
the rivers and streams rapid and torrential in their nature, and, as a 
rule, evidently actively at work in deepening their valleys. In the penin- 
sular area, on the other hand, the mountains are all remnants of large 
table-lands, out of which the valleys and low lands have been carved. The 
valleys, with a few local exceptions, are broad and open, the gradients of 
the rivers low, and the wdiole surface of the country presents the gently 
undulating aspect characteristic of an ancient land surface. 

Such, broadly speaking and subject to some minor exceptions, are the 
contrasting characteristics of the two areas. In the country lying west 
of the Ardvailis, between them and the Indus, there is a tract of geo- 
graphically debateable ground, which exhibits a combination of the 
characteristics of the two areas. The rocks exposed are very largely 
secondary and tertiary beds of marine originj agreeing in this with those of 
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the extra-peninsular area, while in their low undulating dips and absen 
of any marked degree of disturbance, they approach the type of the peni 
sular area. On the north-east again beds, belonging to formations yvhi 
are characteristically peninsular, are found in the Himalayas of Sikki 
and north of the Assam valley and in the hills intervening between tl 
Brahmaputra and Bdrak rivers. We will find the explanation of these e 
captions to the geological contrast between the two areas in the gre 
structural disturbances which took place during the tertiary period, ai 
profoundly modified the outlines of that ancient land surface of whi< 
the F^eninsula proper is but a remnant. 

The nomenclature of Indian mountain ranges is still a difficulty,, it heir 
a rare exception that any definite term is applied to a mountain chai 
throughout its extent, by the people of the country. In many parts of Ind 
peaks and passes have names, but the ranges have none and, even if name 
exist, their application is not unfrequently vague. Thus, the ancient nam 
of ^ Vindhya,^ applied to the hills separating Hindustan proper or the Gat 
getic country from the Deccan (Dakshin or south), has now, by commo 
consent, been restricted to the hills north of the Narbadd, but it appeal 
almost certain that the term originally applied also to the ranges now know 
as Sitpura, south of the river, and it is very probable that the latter hills wei 
more especially indicated by the term Vindhya than the former, TI 
term Sdtpura again w^as of very indefinite application and probably ii 
eluded other ranges besides that to which it is now restricted. The nam< 
here applied are those employed by the latest writers on Indian geograph; 
but some of them are by no means generally adopted on maps. 

The most important mountain ranges of the Peninsula are the Sahyadr 
or Western Ghdts, running along the western coast from the Tdpti river t 
Cape Comorin, at the southern extremity of the Peninsula; the Sdtpun 
running east and west on the south side of the Narbadi valley, an 
dividing it from the drainage areas of the Tdpti to the westw’‘ard, and th 
Godavari to the eastward ; and the Aravaili, striking nearly south-west t 
north-east, in R^jputina. The so-called Vindhyan range, north of th 
Narbada, and the eastern continuation of the same north of the Son valle} 
known as the Kdimur range, are merely the southern scarps of the Vindhya: 
plateau comprising Indore, Bhopal, Bundelkhand, etc. The plateaux o 
Hazdribdgh and Chutid N%pur {Chota Nagpore) in south-western Benga 
appear to form a continuation to the eastward of the Sitpura range, bu 
there is no real connection betw^een these elevations and the Sitpura chahi 
They are formed of different rocks and there is no similarity in the ge<> 
logical history of the twm areas, so far as it is known. In many maps '< 
range of mountains is shown along the eastern coast of the Peninsula, an< 
called the Eastern Ghdts. This chain has not the same unity of structuri 
or outline as the Western Gh^ts. It is composed to the southward of th| 

‘ ' ^ ■' ■■ ' ' , ’ 'B' 2 ' 1 
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ith-eastern scarp of the south Mysore plateau, on the east of the Yella- 
ida range along the eastern margin of the Guddapah transition basin, 

1 further north of the soiitli-eastern scarp of the Bastar-Jaipiir pla^ 
Lii, north-west of Vizagapatam 5 and of several short isolated ridges of 
itaniorphic rocks, separated from each other by broad plains and having 
reality but little connection with each other. There are also several 
nor ranges, such as the RAjmahdMiilis in western Bengal, the Indhyddri 
tween the T^pti and Godivari, the NaHamalai (Nullamullay) near Cud- 
pah, north-west of Madras, and the little metamorphic plateaux, such 

the Shevaroys, Pachanialai, etc., scattered over the low conn try of 

2 Carnatic, south-west of Madras. 

The peculiarity of all the main dividing ranges of India is that they 
2 merely plateaux, or portions of plateaux, which have escaped denudation, 
jere is not throughout the length and breadth of the Peninsula, with the 
ssible exception of the Ar^valli, a single great range of mountains 
3.t coincides with a definite axis of elevation, not one, with the exception 
oted, is along an anticlinal or synclinal ridge. Peninsular India is, in 
ct, a table-land worn away by sub-aerial denudation, p^erhaps to a 
inor extent on its margins by the sea, and the mountain chains are 
erely the dividing lines, left undenuded between different drainage areas, 
he Sahyddri range, the most important of all, consists to the northward 
horizontal or nearly horizontal strata of basalt and similar rocks, cut 
to a steep scarp on the western side by denudation, and similarly eroded, 
ough less abruptly, to the eastward. The highest summits, such as 
ahdbaleshwar (4,540 feet) are perfectly fiat-topped, and are clearly un- 
siuided remnants of a great elevated plain. South of about 16® north 
titude, the horizontal igneous rocks disappear, the range is composed 
: ancient metamorphic strata, and here there is, in some places, a distinct 
3nnection between the strike of the foliation and the direction of the hills, 
Lit still the connection is only local and the dividing range consists either 
[ the western scarp of the Mysore plateau, or of isolated bill groups, 
pparently owing their form to denudation. Where the rocks are so 
ncient as are those that form all the southern portion of the Sahyddri, it is 
Imost impossible to say how far the original direction of the range is due 
> axes of disturbance; but the fact that all the principal elevations, such 
s the Nilgiris (Neilgherries), Palnis (F^ulneys), etc., some peaks of which 
ise to over 8,000 feet, are plateaux, and not ridges, tends to show that 
enudation has played the principal share in determining their contour. 

I'he southern portion of the Sahyddri range is entirely separated from 
he remainder by a broad gap, through which /the railway from Madras to 
^eypur passes west of Coimbatore. The. Anarnalai, Palni, and Travan- 
:ore hills, south of Ibis gap, and the Shevaroy and many other hill groups 
caftered over the Carnatic, may be remnants of a table-land once united 
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to the Mysore plateau, but separated from it and from each other by 
ancient marine denudation. Except the peculiar form of the hills, there 
is but little in favour of this view, but on the other hand there is nothinof 

.o 

to indicate that the bill groups of the Carnatic and Travancore are areas 
of special elevation. 

The whole of the western Sitpuras, from their western termination in 
the Rajpipla hills to Asirgarh, consist of basaltic traps, like the Saliyadri. 
It is true the bedding is not horizontal, but the dips are low and irre- 
gular, and have no marked connection with the direction of the range. 
The central S^tpuras, comprising the Pachniarhi or Mah^deva hills, from 
the gap in the range at Asirgarh to near Narsinghpur, are composed chiefly 
of horizontal, or nearly horizontal, traps, but partly of sandstones and of 
metamorphic rocks, and there is here again, as in the southern Sahyadri, 
some connection between the strike of the foliation in the latter and the 
direction of the ranges. The highest peaks, however — those of F^achmarhi 
(4,380 feet) — are of horizontal mesozoic sandstones. Farther east still 
the S^tpuras consist entirely of horizontal traps, terminating in the plateau 
of Amarkantak, east of Mandid. East of this plateau there is, north of 
Biidspur, a broad expanse of undulating ground at a lower level, and 
farther to the eastward again rises the metamorphic plateau of Chutid 
Ndgpur, capped In places by masses of horizontal trap and laterite. These 
formations were apparently once continuous, across the low ground near 
Bildspur, with the same strata on an equal elevation at Amarkantak. 
Similar outliers occur on the Bundelkhand plateau, north of the Narbada, 
all tending to the same conclusion — that the low valleys of central India 
are merely denudation hollows, cut by rain and rivers out of the original 
plateau of the Peninsula. The chief exceptions to this law — the instances 
in which the strike and dip of the rocks appear to have produced import- 
ant effects on the contour of the country — are to be found amongst the 
metamorphic and transition formations. 

It is true that some small ridges are formed of azoic and mesozoic sand- 
stones, in places where the beds of these systems have been disturbed, 
but the only important lines of disturbance in either appear to be due to 
older axes of metamorphic foliation, and it is a rare case to find that the 
strike of the sandstones appears to have much effect upon the directions of 
the hills and valleys. A possible exception occurs in the Del modar valley 
in Bengal, but even this is a disputed case, and the subject will be dis- 
cussed in the chapters relating to the Gondwdna system. 

This remarkable absence in the Indian Peninsula of any evidence of 
disturbance in lategeological times— a feature which abruptly distinguishes 
the whole area from the remainder of Asia— will be further noticed in the 
sequel; at present it is sufficient to remember that the principal mountain 
chains of the Indian Peninsula are, with one exception, not coincident with 
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axes of disturbance or elevation, and to note the contrast in the extra 
peninsular 'area. "'V ; ^ 

The Aravalli differs from the ■ other great ranges of India in being 
entirely composed of disturbed rocks, with the axes of disturbance cor- 
responding with the direction of the chain. The formations found in the 
Aravalli range belong to the transition rocks, and are of great antiquity; 
forThe' m much altered, they' are quite; uiifossiliferous, 

and there is evidence which renders it probable that the elevation of the 
range dates from a period anterior to the deposition of the Vindhyaii 
rocks, themselves of unknown age but almost certaisily not of later date 
than carboniferous, whilst the fact that these Vindhyan rocks are found 
almost horizontal in the neighbourhood of the Aravalli range, on both 
sides of the chain, shows that here, as elsewhere in the Peninsula, the 
forces which have affected the extra-peninsular area in later geological 
epochs have not been felt. 

Passing to the other side of the Indo-Gangetic plain — no matter whether 
the region reached be to the w^estward in Sind and the Punjab, to the 
northward in the Himalayas, or to the eastward in Chittagong and Burma 
—the mountain ranges, with the exception of the Salt-range and the Assam 
range, are everywhere composed of disturbed and contorted beds, and the 
disturbance has invariably affected rocks of late geological age. The 
amount of alteration may be small or great, the hills may consist of simple 
anticlinal folds as in Sind, or of the most complicated inversions as in parts 
of the Himalayas, the strike of the bedding may vary from east and west 
to north and south, but two characters are constant— great disturbance 
affecting all the formations, and the coincidence of the direction of the 
ranges with synclinal and anticlinal axes. 

llie nomenclature of extra-peninsular mountain ranges is compassed 
with the same difficulty as those of the Peninsula, owing to the absence of 
local names except for individual ridges, peaks or passes, and has been 
further complicated by a want of unanimity among geographers as to the 
true limit of the term ^mountain range/ Different geographers have recog- 
nised, from two to seven distinct ranges- in that great system of mountains, 
collectively known as the Himalayas, wffiich rises to the north of the Indo- 
Gangetic plain, and the opinions regarding the true western limit of the 
principal range have varied from that which regards it as ending in the 
Simla spur to that which looks on it as continuous with the Hindu Kush. 

These contradictory opinions are all: more or less correct, accordino* 
to the limited point of view of the individual author, but if we look below 
the accidents of surface contour to the underground structure of this great 
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regarded as a single and continuous system of disturbance, and this 
structurai unity is now generally held to unite the separate chains into 
a single system of mountains to which the term of ^ range ^ is inapplicable, 
unless we give it a wider application than is usual. The details of the 
physical geography of this great system of mountains, which stretches from 
the Indus to the Brahmaputra, have so important a bearing on the history 
of its elevation that they will be deferred to a subsequent chapter. 

At its north-western extremity the great snowy range of the 
Hiniilayas bends round into the Hindu Kush, which runs south-westwards 
along the southern side of the upper Oxus valley. On their southern 
boundary the strike bends round to southwards at the valley of the Jeh- 
iam, and from this termination of the Himilayas proper there extends 
through Afghdiiistin and Baluchistan a complicated series of hill ranges of 
whose detailed geograpiiy very little is known. 

The proper nomenclature and classification of these hill ranges is a dif- 
ficult matter to determine, and, in the present state of our knowledge, both 
geographical and geological, it is impossible to arrive at a satisfactory result 
An attempt has been made to classify these ranges according to the sys- 
tem of disturbance they belong to, which would hardly need mention 
were it not for the eminence of its author and the nature of the conclu- 
sions arrived at. In his great work ‘‘Das Antlitz der Erde/’ Prof. Suess 
has regarded the Salt-range of the Punjab as forming part of the foot hills 
of the Hindu Kush, and has united all the ranges between jit and what is 
known to geographers as the Hindu Kush into one range, on the ground 
that they belong to the “ Hindu Kush system of disturbance."'^ This is 
still a matter for proof. We have no knowledge that there is a unity in the 
disturbance of the rocks composing these hills, comparable to that seen in 
the Himalayas, and until such knowledge is forthcoming it would be use- 
less to adopt a system of nomenclature so opposed to that ordinarily cur- 
rent, and so certain to lead to needless confusion. As regards the Salt- 
range we shall shortly see that it ought to be classed by itself, and the 
individuality of the Safed Koh range, as depicted on our maps, is so marked 
that it is difficult to believe that it has not also an individuality of structure. 

In one sense the whole of the ranges west of the Indus may be classed 
together, for there can be little doubt that they were contemporaneously 
elevated, and that the greater part of this upheaval, if not the whole, 
took place within the tertiary era. But, structurally, tiiey may be divided 
into two classes, whose strike is about north and south and east and west, 
respectively, and these two alternate with, and pass into, each other in 
a manner that is at present not understood. 

The most northerly range is the Safed Koh which runs eastwards from 
the neighbourhood of K^bul, forming the south side of the valley of the 
Kd:bol river, till it ends in British territory. Further south the Suldimiii 
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range is found striking north and south along the western frontier, and at 
its southern limit this bends round into the east and west running hills of 
the Bugti country, a strike which extends to near Quetta. I Be bills again 
take a southerly bend, and the Brahuik and Kirthar ranges run north and 
tso.uth.:.' .Further west the strike again .changes, and in western Baluchistan 
the ranges run east and west 

At their eastern extremity the Himalayas are met, in a manner that 
has not been worked out, by a series of hills which at first strike south- 
westwards, afterwards bending round to a more southerly direction in 
the Nagd hills, where the principal ridge is known as the Patkoi. They run 
through the Manipur country southwards, till they are continuous with the 
range of hills, known as the Arakan Yoma, which lies between tlie Irawadi 
valley and the Bay of Bengal. 

Besides these principal systems of hill ranges there are two minor ones 
to be noticed which, despite a total difference of the rocks they are com- 
posed of, show a considerable similarity in their structure and geographical 
position, subtending as they do the angles between the southern margin 
of the Himalayas and the hills which meet them at either extremity. The 
first of these is the Salt-range in the Punjab, the second that set of hills, 
called for convenience the Assam range, inhabited by the G^iro, Khdsi 
and Jairitia tribes. In both cases the hills are composed of a plateau 
with a steeply scarped face to the south, along which there is an axis of 
abrupt folding, accompanied by more or less faulting. This similarity of 
structure and position, in spite of great difference in the rocks of which 
they are composed, wmuld seem to show that their elevation is a direct 
result of the same great series of movements of the earth’s crust which 
resulted in the elevation of the hill ranges forming the extra-peninsular 
limits of the Indo-Gangetic alluvium, but they cannot be regardedas belong- 
ing to any of the mountain systems whose re-entering angles they subtend. 

To the east of the Irawadi valley there is a great series of mountain 
chains, stretching southwards through the Shan states till it terminates in 
the Malay peninsula, of whose geography and geology even less is known 
than of the hills beyond the western frontier of India, 

The drainage system of the extra-peninsular hills everywhere shows the 
peculiarity that, though the valleys often run along the strike of the hills for 
long distances, the streams and rivers always sooner or later break across 
the axes of maximum elevation. This peculiarity is very noticeable in the 
case of the Himalayas, whose river system must be deferred to a future 
chapter, but is in some respects more conspicuous in the case of the hills 
west of the Indus. 

Here the ridges are mostly formed by the hard limestone cores of anti- 
clinal folds through which the streams flow in narrow precipitous-sided 
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gorges^ locally known as ^ tangi/ Tliey form a very characteristic featu 
on the scenery of the hill country west of the Indus, and are common 
attributed to some disruptive force, which opened a way for the stream ' 
flow through the mountain. Such is not, however, the true explanation, n 
only can it be disproved in many cases by the continuity of the solid roc 
across the stream bed, but it is inadequate, as it fails to account for tl 
broad open valleys invariably found above the gorges. The fact is that the 
have been gradually cut down by the streams that flow through them, ai 
the same absence of vegetation which increases the erosive power of ra 
wash on soft clays enabling broad valleys to be formed where they a 
exposed, diminishes its action on the hard limestones, at the same time 
reduces chemical action to a minimum, and the absence of moisture almc 
entirely deprives the night frosts of their power to disintegrate tlie roc 
As a consequence, the steep sides of the ravines cut by the streams, who 
they meet with compact rock, remain standing almost perpendicular*, whi 
in the intervening stretches of soft clay the valley widens out 

It must not be supposed that the whole country was elevated to tl 
height of the crests of the ridges through which these ‘^angis^*' were cu 
It will be shorvn in the sequel that the compression, contortion and coi 
sequent elevation of the hills was taking place at the same time that t\: 
valleys were being excavated, but sometimes the rate of elevation was tc 
great for the streams, and areas of closed drainage were formed in whic 
extensive alluvial and aeolian deposits have been accumulated. These ai 
particularly common in Baluchistdn, where they are usually occupied by 
broad expanse of wdnd-blown loess. 

In the eastern hills the same features are to be seen, but, owing to th 
greater rainfall and dense vegetation, as well as to the different type of roc 
forming the hills, there is not the same abrupt alternation of broad open valle 
wdth deep and narrow gorges as on the west. The chemical action of th 
humic acids developed in the jungle-clad soil has smoothed off the steej 
ness of the sides of the gorges, while the vegetation has protected thesofte 
clays from being so easily washed away. As another result of the mor 
rapid erosion of the stream beds there are no areas of closed drainage, bii 
there are broad alluvial valley plains, such as those of Manipur and the Kub' 
valley, where differential movements of elevation of the beds of the stream 
have checked their velocity and compelled them to deposit their solid- burdeii 

The river system of the Peninsula, omitting the drainage into th* 
Ganges and small streams flowing to the west coast, is nearly all take) 
by six large rivers, of which two, the Narbadi and I'dpti, drain lb 
north-western portion and escape into the Gulf of Cambay, while tb 
drainage of all the rest of the Peninsula, even from the crests of th| 
Western Ghits within sight'of.the';sea, flows eastwards by four great delta! 
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rivers, the Mah^nadi, Godavari, Kistna, and Can very, —the only other 
streams of any importance being the northern and southern Peniier. 

This easterly trend of the drainage is probably of very ancient date, as 
there are patches of littoral marine deposits along the east coast, ranging 
as far back as the close of the Jurassic period, which show that, since that 
period at least, the eastern coast of the Peninsula has maintained very much 
its present position. On the west coast no marine sediments older 
than the upper tertiary are known, if we except the cretaceous beds of the 
lower Narbadi valley. At the close of the Deccan trap period, that is the 
commencement of the tertiary era, dry land must have extended consider- 
ably west of the coast line; south of the trap area the evidence is only 
negative, but the absence of any large valleys draining in this direction 
suggests that the present position of the shore line is of more recent origin 
than that of the east coast, and that the earth movements which gave rise to 
it were either too slow, or more probably not of a nature, to change the 
easterly course of the drainage. 

There can be no doubt that, beyond the limits of the Peninsula, there have 
been very great changes in the distribution of land and sea since the com- 
mencement of the tertiary era and, even in the latest part of it, the great 
disturbances which the rocks have undergone must have been accompanied 
by great changes of shore line. But when we come to the post-tertiary period 
and enquire whether, on the whole, there has been elevation or subsidence, 
the evidence is contradictory. In the alluvium of the Gangetic delta, and 
near Pondicherri, beds of peat, at various levels below the surface of the 
ground, show that there has been subsidence, but this is the usual, if not in- 
variable, condition in a delta, and it is more than probable that all the large 
deltas along the coast are being gradually depressed. 

Along the non -deltaic portions of the coast evidences of sub-recent eleva- 
tion are found in coral reefs and marine deposits raised above the present 
level of the sea. The low level laterite of the east coast lies on a gentle 
slope of the older rocks, unaffected by subaerial erosion, such as is formed 
by the sea, and must have been deposited either before or shortly after this 
was raised above sea-leveh 

The escarpment of the Sahyidri range— a remarkable feature of the hills 
parallel to the western coast of the Peninsula— has frequently been noticed 
as furnishing evidence of a rise of land. Throughout the trap country of the 
Bombay presidency, the Western Ghdts rise from the Konkan in an almost 
unbroken wall, varying in height from 2,ooo to 4,000 feet, cut back in places 
by streams, projecting here and there into long promontories, but preserv- 
ing throughout a singular resemblance to sea cliffs. This resemblance, 
however, ceases to a great extent to the southward, where the metamorphic 
rocks replace the horizontal basaltic traps. The escarpments of the Milwa 
plateau, north of the Narbadi, and of the Deccan plateau, south of 
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Khandesh, although far inferior in elevation to the scarp of the Sahyadri 
resemble the latter too closely in appearance to justify the assumption 
without further evidence, that the cliffs of the Western Ghdtsareof marim 
origin. The parallelism of the Sahyddri escarpment to the sea-coast i; 
suggestive of a connection between the two, and this connection is strength 
ened by the facts that a thickness of at least 4,000 feet of bedded trap ha 
been removed from the surface of the Bombay Konkan, and that the plans 
of marine denudation, already mentioned as supporting the low level laterite 
extends in places nearly to the foot of the scarp. The circumstance tha 
the hills of the Sahyddri are inhabited by certain fresh-water mollusc; 
belonging to the genus Cre^nnoconchus, which is unknown elsewheo 
and is so closely allied to Indian forms of the littoral marine genu; 
Liitorina as to render it probable that both are descended from the sam« 
ancestors, also tends to strengthen the view that the Sahyddri mountaim 
were formerly washed by the sea. But it is certain that great denudatioi 
has taken place since the scarp was a sea cliff, and it is far from improb 
able that, if the sea ever extended to the base of the Western Ghdts, th< 
epoch belonged rather to tertiary than post-tertiary times. It is alsi 
possible that the isolation of the different hill ranges of Southern India 
and the denudation of the Pdighdt Gap, south of the Nilgiri plateau, ar« 
due in part to ancient marine action of the same date as the formation o 
the Sahyadri escarpment. In this case, as in so many others connectec 
with Indian geology, all that is now possible is to suggest probable inter 
pretations of phenomena, and to leave them for future exploration ti 
confirm or contradict. i 

On the other hand, a sudden deepening of the sea, at a distance o 
10 to 20 miles from the shore, along the Mekrdn coast, has been sup 
posed to represent a submerged cliff. More positive evidence of recen 
subsidence is to be found in the occurrence of a number of tree; 
imbedded of mud, in the spot where they grew, at a depth of i2 fee 
below low-water mark on the east side of the island of Bombay/ and ii 
the submerged forest at the western end of the Valimukam bay on th< 
Tinneveili coast described by Mr. Foote.^ 

Local alterations of level, accompanied by earthquakes, are known t< 
have occurred on at least one occasion, namely the great earthquake o 
Catch in 1819, when a considerable area in the Rann of Cutch was soddenh 
submerged/ A more doubtful instance is the elevation and subsidenci 
which is said to have taken place on the Arakan coast in the middh 
of the last century, presumably during the great earthquake of 1762. I 
raised beach which is 9 feet above sea-level at Foul island and 22 on the 

* Records^ XI, 302, (1S7S), ' |, 90, (1823) ; Lyell, ''Principles of Geology) 

Memoir s, XX, ^2, . See also A. B. Wynne, Memoirs, IX, 2^ 

3 McMurdo, Trans, Lii, Soc,, Bombay, Ul, I (1872). ' ; , , : 
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north*west of Cheduba island, has been attributed to the effects of this 
earthquake which further north is said to have caused the permanent sub- 
mergence of 6o square miles near Chittagong.^ 

Away from the sea coast, the Andaman and Nicobar islands have 
certainly at one time been connected with Arakan, and the intricate chan- 
nels and long ramifying fjords which penetrate the great Andaman and 
adjoining islands indicate a considerable subm.ergence. Along the coast 
there are, however, indications of minor oscillations of level, both upwards 
and downwards, within the recent period, the last movement being probably 
one of subsidence.® Off the west coast of India the coral archipelagoes of 
the Laccadive and Maidive islands probably mark the site of submerged 
land, though this is a matter still under dispute. 

Besides the changes produced by rise and fall of the sea-level as 
compared with that of the land, there have been minor modifications of 



3 Phil Trans., VHI, 251, (1763); G. P, Hal- 
stead, Jour. As. Soc.f Bengal, X, 433, (1841) j 
F. R. Mallet, Records, XI, 190, (1S78). , . 

® S. Kufz, “ Report on the Vegetation of the 
Andaman Islands,*’ Calcutta, 1870 ; R. D. 


Oldham, Records, XVI U, 143, (18S5). 

® T.-J* Newboid, Jour. Roy. As. Soc., VIII 

250, (1846). 

^ W. King, MemoirSfW^ 362, (1S64). 


Fig. I.— Pagoda on the sea-shore at Tranqiiebar. 

the shore line due to erosion and accretion of land. St. Thome, a short 
distance south of Madras, is said to have formerly been situated 13 
leagues inland and, 40 miles further south, the town of Mahibalipiir is 
said to have been overwhelmed by the sea.^ Still further south, erosion 
of the sea beach at Tranqiiebar is well attested by old records as well as the 
destruction of a large portion of an old pagoda, whose eastern gate lower 
had been partially destroyed in 1859^ and has probably now been com- 
pletely removed. 
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CHANGES OF COAST FINE. 


Evidence of the advance of land is to be found on the TinnevelH coast 
wiere the deserted town of Korkai, now five miles inland, has been iden- 
ned with the “ Kolkoi Emporium of the classical geographers. Abou 
Ooo hJ.C. this town was the capital of a kingdom and apparently ar 
important sea-port. By the time that Marco Polo visited this coast ir 

necessitated the abandonment o: 


1292 A.D., the advance of the land had 
the old port and the establishment of a new one at 
also has decayed and was forgotten till its site was 


Cai!,"’ a town whicl 
discovered and re- 



Fig. 2.- 


rart of Tinevelly coast shewing present position of old seaports. 

cognised by Bishop Caldwell in the modern village of Kayal, and made 
public ,n Colonel Yule’s edition of the travels of Marco Polod 

, of the shore line is said to have taken place on the 

eas coast of the Gulf of Cambay, and it is said that the Rann of Cutch 

with sea-ports on its shores, and that remains of 
ships have been found imbedded in the mudl The Rann is now a sort o 
debateable land, being flooded during the south-west monsoon and a Iv 
barren mud flat during the rest of the year ; the change, which has 
dl taken place, if not so^ recently as has been supposed, was 

partly aided by a slight elevation of the land 
The evidences of alterations of level along the sea coast, which have 

to slight elevation of the land during the 
have any appreciable influence 


posUtertiary period 
on the climate. 


though too small to 


* 1st edition, Vol If, p, 307, (1871). 
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This is important io its bearing on the evidence that there is of the 
cold of the glacial period having been felt in the peninsula of India 
There is no physical evidence, so far as is known, of a geologically recent 
cold epoch, and some geologists have doubted whether India was affected 
by the glacial period. In the Himalayas there is everywhere abundant 
e%ddence of the glaciers having extended to lower levels than they 
reach. Grooved and polished rock surfaces have been found now at as 
low a level as 7,500 feet in Pingi,^ and in a higher latitude large boulders 
are found imbedded in the fine silt of the Potwar at an elevation of 
less than 2,000 feet above the sea.^ Besides these there are many cases of 
large erratic blocks and supposed morraines which have been referred by 
some observers to glaciers and by others to river action. The positive 
and unmistakeable proofs of a period colder than the present are suffi- 
cient to enable us to discard all the more doubtful evidence, and more 
recent investigations have shown that it cannot be attributed, as was once 
suggested,® to a former greater elevation of the Himdlayas than they now 
attain. 

These indications do not point to a sufficient diminution of tempera- 
ture of the Himalayas to make it probable, or even possible, that there 
should be any actual physical proofs of the glacial period having been felt 
in the Peninsula, and it is of importance to ascertain whether there is any 
collateral evidence of a cold period having affected India in later tertiary 
or post-tertiary times, it being remembered that a general refrigeration 
of the earth^s surface, sufficient to produce an arctic climate in Europe, 
would not diminish the temperature of the Indian Peninsula beyond the 
average of the temperate zone at the present day. 

The argument is, briefly, as follows. On several isolated hill ranges, 
such as the Nilgiri, Anamalai, Shevaroys and other isolated plateaux in 
Southern India, and on the mountains of Ceylon, there is found a tem- 
perate fauna and flora, which does not exist in the low plains of South- 
ern India, but is closely allied to the temperate fauna and flora of the 
Himdiayas, the Assam range (Gdro, Khdsi, and hills), the mountains 
of the Malay peninsula, and of Java. Even on isolated peaks, such as 
Parasn^th {4,500 feet high in Behar) and on Mount Abu in the Aravalli 
range, several Himalayan plants exist It would take up too much space 
to enter into details ; the occurrence of a Himalayan plant like Rhodo^ 
dendron arboreum, and of a Himalayan mammal like Maries flavigula 
on both the Nilgiris and Ceylon mountains, will serve as an example of a 
considerable number of less easily recognised species. In some cases there 
is a closer resemblance between the temperate forms found on the peninsular 

^ C. A. McMahon, Records, XIV, 310, {1881). ^ H. B. Medlicott, MemoirsJlL pt ii u 

» W. Theobald, X, 140, {1877). (1864),,: 
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hills and those on the Assam range^ than between the former and Hima- 
layan species, but there are also connections between the Himalayan and 
peninsular temperate regions which do not extend to the eastern hills. 
The most remarkable of these is the occurrence on the Nilgiri and Anamalai 
ranges and on some hills further south, of a species of wild goat [Capra 
hylocriiis)^ belonging to a sub-genus [Hefuitragus]^ of which the only other 
known species, C jetnlaica, inhabits the temperate region of the Hirnd- 
layas from Kashmir to Bhutan, This case is remarkable, because the 
only other wild goat found completely outside the Palsearctic region is 
another isolated form on the mountains of Abyssinia. 

The range in elevation of the temperate fauna and flora of the 
oriental region in general appears to depend more on humidity than 
temperature, many forms which are peculiar to the higher ranges 
in the Indian hills being found represented by allied species at lower 
elevations in the damp Malay peninsula and archipelago, and some of 
the hill forms are even found in the damp forests of the Malabar coast. 
The animals inhabiting the Peninsular and Singalese hills belong, for the 
most part, to species distinct from those found in the Himalaya and 
Assam ranges. In some cases even genera are peculiar to the hills of 
Ceylon and Southern India, and one family of snakes is unrepresented 
elsewhere. There are, however, numerous plants and a few animals in- 
habiting the hills of Southern India and Ceylon, which are identical with 
Himalayan and Assamese hill forms, but which are unknown throughout 
the plains of India. 

That a great portion of the temperate fauna and flora of the Southern 
Indian hills has inhabited the country from a much more distant epoch 
than the glacial period may be considered as almost certain, there being 
so many peculiar forms. It is possible that the species common to Ceylon, 
the Nilgiris, and the Himalayas, may have migrated at a time when the 
country was damper without the temperature being lower, but it is 
difficult to understand how the plains of India can have enjoyed a 
damper climate without either depression, which would have caused 
a large portion of the country to be covered by sea, a diminished temper- 
ature wdiich would check evaporation, or a change in the prevailing winds. 
The depression may have taken place, but the migration of animals and 
plants from the Himalayas to Ceylon would have been prevented, rather 
than aided, if the southern area had been isolated by sea, so that it may 
be safely inferred that the period of migration and the period of depression 


* Only one species of plant, however, is men- 
tioned by Hooker and Thomson (‘‘Introductory 
Essay to the Flora Indica*, p. 238) as being found 
both in the Khdsi hills and Nflgiris, but not in 
the Himdiayas. One land-shell at least, 


mus nilagiricuSy has the same distribution, 
and the genus Sireptaxis is found in Burma, 
the Kbdsi hills.and the Southern Indian ranges, 
but not in the Himalaya west of Bhutdn, 
Several other instances might be quoted. ^ 
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were not contemporaneous. A change in the prevailing winds is improb- 
able so long as the present distribution of land and water exists, and 
the only remaining theory^ to account for the existence of the same 
species of animals and plants on the Himalayas and the hills of southern 
India, is depression of temperature.^ 


The Indian empire can boast of one volcano, wdiich is at present 
dormant, but has been in active eruption within the century. Barren island 
in the Bay of Bengal is not only a perfect model of a volcano, but is 
classical in the history of geological controversy. It has been repeat- 
edly referred to and described by geological writers, but the earlier refer- 
ences were all more or less inaccurate, and it is only within the last few 
years that a careful description of it has been given by Mr. F. R. Mallet.^ 
The volcano of Barren island has an irregularly circular form of about 
2 miles in diameter, composed of an outer rim rising to a height of 
from 700 to 1,000 feet above the sea and surrounding a slightly ellipti- 
cal amphitheatre, whose larger axis runs north-east and south-west with 
a length of about 9 furlongs. From the centre of this a cone of re- 
markably regular form rises to a height of 1,015 above the sea. The 
depression, where the slope of this cone and the inner slope of the 
amphitheatre meet, has a maximum elevation of 300 feet above the sea, 
and is almost entirely occupied by three distinct lava streams. It is 
evident that the island was once much higher than it is at present, and the 
outer rim marks the limit of the crater, produced by some great paroxys- 
mal eruption which blew a\vay all the upper portion of the old cone. 
The bottom of this old crater must have been much below the level 
of the sea and, for a time, before the new cone attained its present 
dimensions, the sea must, as is represented in the older descriptions of 
the island, have flowed round its base, between it and the foot of the inter- 
nal slope of the amtjhitireatre, but there is no authentic record of any one 
ever having seen this stage. In 1789, when Blair saw the island, the sea 
did not penetrate into the amphitheatre, which had all been filled up to 
above sea-level. The volcano was then in active eruption, throwing out 
blocks and scoriae, and it may be that it had been visited at some earlier 


^ The above is a meagre and condensed 
account of a very interesting subject, which 
requires further enquiry. One possible objec- 
tion may be answered at once. It is true that 
many of the temperate damp-loving forms of 
the Nilgiris and Ceylon hills are forest forms, 
and it may be urged that they might have 
migrated when the plains of India were covered 
with forest. But, judging from w'hat remains 
of the forest on the plains of the Carnatic,. 


Deccan, Central Provinces, etc., the dora, even 
when the whole was forest, differed so widely 
from that of the hills, that it is improbable that 
any general diffusion of hill species could have 
taken place without a change of climate. 

In a subsequent chapter reference will be 
made to the probable inffuence of the glacial 
epoch on the Siwdlik mammalian fauna. 

® Memoirs, XXL 2^1, ff, (iSSs). 
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period, before the hollow was completely filled up, and that Hie only record 
left of this visit is to be found in the erroneous description which was at 
one time current in text«books. 

It must be remembered thatthe portion of tlie volcano above sea-level, 
wliich is all that has been referred to in the description, is but an insigni- 
ficant portion of its whole bulk. Soundings, taken by Captain Carpenter, 
show that the cone rises from a depth of 800 fathoms below the sea, and 
that the total height is consequent!)^ some 6,000 feet at present, or was 
8,000 feet before the upper part of the outer cone was blown away.^ 

At the time of Biair’s visit there appears to have been no lava stream 
in the gap where the outer rim is breached, but in 1832 the lava was 
there, and still so hot that the Avater in contact with it was boiling. Since 
that period the flow has cooled clown and the temperature of the water? 
which percolates beneath the lava and issues as a spring on the sea shore, 
has steadily diminished at each visit, till it was no more than no® F. in 
1S86.® It seems certain, therefore, that this lava flow was poured out later 
than 1789, and probably within the present century. 

Seventy-five miles north-north-east of Barren island lies the island of 
Narcondam, indubitably of volcanic origin like the former, but composed 
almost, if not quite, entirely of hornblende andesite lava with little or no 
volcanic ash* it is not certain whether this volcano ever had a crater, 
as it may have been of the so-called endogenous type, formed by the 
quiet extrusion of lavas uiiaccompanied by any crater-forming materials. 
The complete obliteration of the crater, if there ever was one, is in itself an 
indication of the period for which the volcano has been extinct, and in any 
case the deep ravines, with which its sides are scored, are an equally 
eloquent testimony of the time during which subaerial denudation has been 
uninterruptedly at work, so that this volcano has probably been longer 
extinct than either of the two that follow, 

About 50 miles north-north-west of Yenaiigyoung and 25 to 30 miles 
east-south-east of Pagan, both large towns on the Irawadi, the extinct 
volcano of Puppa^ rises to a height of about 3,000 feet above the undulating 
country composed of pliocene sands and gravels. The mountain has 
preserved its original form to some extent, but the crater has been greatly 
broken down by denudation, and the rim completely cut away at one 
point, where the drainage from the interior has made itself a means of 
exit. The peak consists of ash breccia, but lava flows, mostly trachytic, 
form the lower slopes and the surfaces around the base of the volcano. 
Among these flows are some of a very beautiful porphyry, with crystals cf 
pyroxene. 

The horizontal beds of gravels and sands around the base of the volcano 

I * W. T. BlanfonI, 'Jotir. As. Soc., Bengal, 


> Recoids, XX, 46, (1SS7). 
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contain fossil wood and ferruginous conGretioos, and apparently belong to 
the pliocene fossil wood group. They are capped by the lava flows, 
contain pumice and volcanic fragments, and, in one place, a bed of ash 
breccia was found interstratifled with them. It appears highly probable, 
therefore, that the volcano was active in pliocene times, but it may liave 
contiiuied to emit lava and scoriae at a later period. 

.. 'Far,, to' the. north the extinct volcano of Hawshuenshan near Momien in 
Yunnciniias been described by Dr. Anderson ^ ; and near Kanni, on the 
Chmdw'in, Dr. Noetling observed basalt breaking through the pliocene 
sandstones and forming a cone on their surface, but no detailed notice of 
this locality has been published. 

In this connection mention may be made of a mass of trachyte which 
is found about four miles east by north of the village of Byangyi on the 
Bassein river and some 30 miles south of Bassein town. It is about six 
feet in diameter, there is no reason to suppose that it has been trans- 
ported from a distance and no similar rock is known anywhere else in 
the province. No rock is seen in contact with the trachyte, but unaltered 
shales and sandstones of upper nummulitic age are seen not far off, dipping 
at low angles. Close to the block itself are some fragments tliat have 
flaked off, and among them a piece of shale, which had a somewhat baked 
appearance on one side, was found. This, taken in conjunction with the 
fact that it lies on the same general line as the volcanoes just described, 
suggested the idea that it forms part of an intrusive neck,^ but the true 
relations of the mass are obscure. 

It will be noticed that these old volcanoes lie along a line which, if con- 
tinued to the south, would be continuous with the general direction of the 
great chain of volcanoes running through the islands of Java aiKl Suib 
in the Malay peninsula, and this suggests that they form the northern termi- 
nation of what is known as the Sunda chain of volcanoes. The observation 
is interesting and important in view of the fact that this chain has been 
supposed to find its Anal expression in the pseudo-voicaiiic phenomena on 
the Arakan coast which are described below. 

But before passing on to this subject it will be well to notice some 
doubtful cases of volcanic action in the Indian Peninsula and on its shores. 
In 1756 a submarine eruption is said to have taken place off the coast of 
Pondicherri, which threw up large quantities of ashes and pumice and 
formed an island half a league long and of the same breadth. No exact 
details of locality are given, but the account is a very circumstantial one^ 
and, unless a pure Action, must refer to a true volcanic eruption. It may 

' ^Report on the expedition to Western * Memoirs^ X, 330, (1873). 

Yunnan, Calcutta, 1871, p. 87. , . , 3 ^‘Asiatic Annual Register/^ 1758, reprinted 

in Juur. As, Soc,, Bengal, XVI, 50O, (1847}. 
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be noticed that the Admiralty chart of the Bay of Bengal marks a sound- 
ing of 5 fathoms in east longitnde 8o° 42', north latitude 12° 46'^ with the 
remark ^ Doubtful^ ; the position would agree sufficiently well with that 
indicated IE the account, and the depth is that which would be produced 
by the. action of -the waves, , / 

lliis also is the best place to notice a very curious crateriform 
lake^ situated in the interior of the Indian Peninsula, near the village 
of LonAr, about 40 miles east by north of Jiina in the northern part of 
the Nizim’s territory, and about half-way between Bombay and Ndgpur. 
The surrounding country for hundreds of miles consists entirely of Dec« 
can trap and in this rock there is a nearly circular hollow, about 300 to 
400 feet deep and rather more than a mile in diameter, containing at 
the bottom a shallow lake of salt water without any outlet, whose water 
deposits crystals of sesquicarbonate of soda. The sides of the hollow 
to the north and north-east are absolutely level with the surrounding 
country, whilst in all other directions there is a raised rim, never exceed- 
ing 100 feet in height and frequently only 40 or 50, composed of blocks 
of basalt, irregularly piled, and precisely similar to the rock exposed 
on the sides of the hollow. The dip of the surrounding traps is away 
from the hollow, but very low.^ 

It is difficult to ascribe this hollow to any other cause than volcanic 
explosion, as no such excavation could be produced by any known form 
of aqueous denudation, and the raised rim of loose blocks around the 
edge appears to preclude the idea of a simple depression. It is true that 
there is no sign of any eruption having accompanied the formation of the 
crater, no dyke can be traced in the surrounding rocks, no lava or scoriae 
of later age than the Deccan trap period can be found in the neigh- 
bourhood. The raised rim is very small, and cannot contain a thousandth 
part of the rock ejected from the crater, but it is impossible to say how 
much was reduced to fine powder and scattered to a distance, or removed 
by denudation. 

Assuming that this extraordinary hollow is due to volcanic explosions, 
the date of its origin still remains to be determined. That this is long 
posterior to the epoch of the Deccan traps is manifest, for the hollow 
appears to have been made in the present surface of the country, carved 
out by ages of denudation from the old lava flows. To all appearance 
the Lonar lake crate is of comparatively recent origin, and if so it 
suggests that, in one isolated spot in India, a singularly violent explo- 
sive action must have taken place, unaccompanied by the eruption of 


* Malcolmson, Trans,^ 2nd series, V, 562, 
(!S4o); Newbold, Jour.^ Roy. As, Soc,^ IX, 40, 
(1848) (with this paper there is a fairly executed 


view of the lake); — G. Smith, Mad,, 

SfiL, XVII, I, (1856). See also Records^ I, 
63, (1S68), where other references are given. 
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melted rock. Nothing similar is known to occur elsewhere in the Indian 

Peninsula. 

Associated with true volcanoes in name at least, even If, as is held by 
many geologists, in nothing else than name, are mud volcaiioes, of which 
two principal groups are known, in Burma on the east, and Baluchistdii on 
the west, of India, respectively. 

Oftlie Burman ones the best known are those of Minbu on the Irawadi, 
and those of the islands of Ramri and Cheduba on the Arakaii coast.^ A few 
others are reported, but they are small and isolated, and consist only of 
temporary outbursts. 

The Ramri mud volcanoes are more interesting than the others, since 
they alone, so far as is known, are subject to paroxysmal eruptions of great 
violence, and from them alone stones have been ejected and flames emitted. 
Some of the principal phenomena may be briefly described here. There 
are about a dozen or rather more vents in Ramri island iUelf, more than half 
that number in Cheduba, and a few in the other neighbouring islands. Near 
Kyauk-pyu in Ramri, six occur in a line, within a distance of about a mile 
and a half along the summit of a low broad tidge. 

Many of the vents consist of truncated cones, built up of the dried mud 
ejected by outbursts of gas. The crater, filled with more or less liquid or 
viscid mud through which the gas escapes, occupies the top of the conical 
hillock. The majority, however, of the Ramri mud volcanoes consist 
of mounds, composed on the surface of angular fragments of rock and 
having scattered over them a few small mud cones with craters at the top, 
varying in height from a few inches to eight or ten feet. When gas ceases 
to be omitted from a vent, the mud is rapidly washed away by rain and 
there remains a low mound, composed of angular fragments of rock which 
were ejected together with the mud, and the repetition of a similar process 
accounts for the formation of the mounds. The mounds in Ramri are from 
50 to 100 yards in diameter, with a height of from 15 to 30 feet, two, of 
exceptional size, near Pagoda hill in Cheduba, being 200 to 250 yards across. 
The cones in which the mud is viscid are very steep, being built op partly 
of small quantities of mud, spurted out by the evolution of gas so as to form 
a hard rim round the mud crater, partly of mud poured out from the crater 
down the slopes through broken portions of the rim. 

Besides the gas and mud, a small quantity of petroleum zs usually 
discliaiged from the vents. The gas consists mainly of marsh gas (light 
carburetted hydrogen), probably mixed with some of the more volatile 
hydrocarbons usually associated with petroleum. The mud is simply the 

^ For a description of the mud volcanoes; of volcanoes are described, with fidi references to 
Minbu by Dr. Oldham, sec Yule’s Nmraiwe earlier accounts, by Mr. Mallet in Rpcords, XI 
of the Mission to ibe Cottri of m ; 188, .(1878). Sketches of the cones arc 

appendix, p. 339. Tiie .Ramri and Cheduba ipud | in both cases. 
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melted rock* Nothing similar is known to occur elsewhere in the Indian 
Peninsula. 

Associated with true volcanoes in name at least, even If, as is held by 
many geologists, in notliing else than name, are mud volcanoes, of which 
two principal groaps are known, in Burma on the east, and Baluchistdn on 
the west, of India, respectively. 

Of the Burnian ones the best known are those of Minbu on the Irawadi, 
and those of the islands of Ramri and Cheduba on the Arakan coastd A few 
others are reported, but they are small and isolated, and consist only oi 
temporary outbursts. 

The Ramri mud volcanoes are more interesting than the others, since 
they alone, so far as is know n, are subject to paroxysmal eruptions of great 
violence, and from them alone stones have been ejected and flames emitted. 
Some of the principal phenomena may be briefly described here. There 
are about a dozen or rather more vents in Ramri island itself, more than half 
that number in Cheduba, and a few in the other neighbouring islands. Near 
Kyaiik-pyu in Ramils six occur in aline, within a distance of about a mile 
and a half along the summit of a low broad ridge. 

Many of the vents consist of truncated cones, built up of the dried mud 
ejected by outbursts of gas. The crater, filled with more or less liquid or 
viscid mud through which the gas escapes, occupies the top of the conical 
hillock. The majority, liowever, of the Ramri mud volcanoes consist 
of mounds, composed on the surface of angular fragments of rock and 
having scattered over them a few small mud cones with craters at the top, 
varying in height from a few inches to eight or ten feet. When gas ceases 
to be omitted from a vent, the mud is rapidly washed away by rain and 
there remains a low mound, composed of angular fragments of rock which 
were ejected together with the mud, and the repetition of a similar process 
accounts for the formation of the mounds. The mounds in Ramrf are from 
50 to 100 yards in diameter, with a height of from 15 to 30 feet, tw'O, of 
exceptional size, near Pagoda hill in Cheduba, being 200 to 250 yards across. 
The cones in which the mud is viscid are very steep, being built up partly 
of small quantities of mud, spurted out by the evolution of gas so as to form 
a hard rim round the mud crater, partly of mud poured out from the crater 
down the slopes through broken portions of the rim. 

Besides the gas and mud, a small quantity of petroleum is usually 
dlscliarged from the vents. The gas consists mainly of marsh gas (light 
carburetted hydrogen), probably mixed with some of the more volatile 
hydrocarbons usually associated w’ith petroleum. The mud is simply the 

^ For a description of the mud volcatJocs af. volcanoes aye described, with full references to 
Minbu by Dr. Oldham, see YnWs Nm rathe earlier accounts, by Mr. Mallet in Records^ XI, 
afihelfissionto the Coztrt of A'ua in JS55, , 188, (187B). Sketches of the cones 
appendix, p. 339. The RamrC and Cheduba mud in both cases. 
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grey shale or day of the tertiary rocks, mixed with water containing some 
salt in solution. 

The association of petroleum with large quantities of marsh gasj and the 
frequent emission of) usually saline, water and of gas in ahundance from 
borings for minerai oil are too well known to require the recapitulation of 
details. Both petroleum and gas are known to be found in many localities 
amongst the tertiary rocks of extra-peninsular India and Burma. Not on- 
frequently both gas and mineral oil issue with water in the form of a bub- 
bling spring being, perliaps, forced to the surface by the pressure of the gas. 
Whether a spring of this kind forms a mud volcano or not de pends 
evidently on the nature of the beds traversed on the way to the surface. 
As a rule the mud in these vents is either of the same temperature as the 
air or a little higher, but in the Ram ri craters a higher temperature has 
been recorded after the more violent eruptions. 

These paroxysmal eruptions appear to occur at irregular intervals, 
are at times very violent and appear frequently to accompany earth- 
quakes. Mud and stones are shot out with great force, accompanied by 
large quantities of inflammable gas, which in many cases takes fire 
and lights up the country for miles around. Some of these eruptions 
of ignited gas have taken place at sea off the coast of Ramrf, and in one 
case a small island was formed near False island, south of Ramri and 
south-east of Cheduba; but it was soon washed away again. The ejected 
stones are in all cases fragments of the tertiary rocks, chiefly shale or sand- 
stone, some of them being from half a cubic foot to a cubic foot in size and a 
feware larger, but the majority range from half an inch to five or six inches 
in diameter. The ignition of the gas is ascribed by Mr. Mallet to frictional 
electricity,^ and not to the high temperature at which the various ejecta issue", 
the fact that the stones, and even fragments of lignite, thrown out during 
eruptions are, as a rule, entirely unchanged by heat, proving that the gas is 
not in a heated state previous, to emission. A very few rare and excep- 
tional fragments of burnt and reddened shale have been found, and these 
liave probably been calcined by the flaming gas. 

It should be noticed that even the fiery eruptions of the mud volcanoes 
of Arakanhave nothing in common with the igneous outbursts of true volca- 
noes. In the former gas is emitted at, in all probability, a low temperature 
and is ignited, or perhaps occasionally exploded, when mixed with atmo- 
spheric air. In the latter red-hot lava and scoriae are ejected, and the 
appearance of flame is due either to the high temperature of the substances 


^ Pecoj-dsj XI, 202. Mr. Mallet points out that 
the principle of the hydro-electric machine, in 
which the production of electricity of high ten- 
sion is due to the issue of partially condensed 
steam through small orifices of such form as to 


produce great friction, is similar to that of 
violent evolution of gas from such vents as 
those of Ramri. He also notices the well- 
known fact that lightning often accompanies 
volcanic eruptions. 
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projected into the ' air^- or to the reflection of masses of glowing. .lava, by 
condensed vapours or by cloads of volcanic dust* 

^One, mud ■volcano 'is known in eastern Assani^ but, none have been found 
in. the Himalayas or in the Peninsula of India. On the ' Baluchistan coast 
in .VLus a .number., have been described,, which do not appear to , be . sub- 
ject to the .same, paroxysmal eruptions' as those of Ramri and attain a 
greate.r.size, Ihe.largest being over, 300 feet an height. H.ow far .this is due 
to the ■ absence of paroxysmal eruption '■ or 'to a greater eoiistaii.Gy,,o,f. the 
.vents,. 'and how, far .to the rainless nature of the climate, is not clear, but in 
all other respects they resemble those already described. 



CHAPTER 11. 

CRYSTALLINE ROCKS. 

Gneissose rocks of the Peninsula of two ages — The older gnei-ss— The newer gnei.ss — Bimdel- 
khand gneiss — ^Ne wer gneiss of Singrauli — Contrast with gneiss of Bundelkhand “-Chsiti^ 
Nagpur — Orissa — Central Provinces— -Haiderabad--~Nellore — Bellary — The southern Kon- 
kan— Malabar— Nilgiris — TrichinopoU and A.rcot — Madura and Tinnevelli - Instrusi ve trap 
of Southern India— Gneissose rocks of the Aravallis— Extra-peninsular India — Afghan- 
istdn - Himalayas— Assam — Hills east of the Irawadi and Malay Peninsula. 

The oldest rocks in India, and consequently the first to be considered 
in the arrangement adopted in this book, are those belonging to the great 
series of gneissose rocks, which covers a larger area in the Peninsula of 
India than all the newer formations put together, and forms the foundation 
on which they are built up. In spite of the great interest of the numerous 
problems presented by these rocks, they have as yet received but little 
attention from the Geological Survey, its energies having been mainly 
directed towards those districts where the most important results were to 
be expected in the shortest time, and we have consequently but little 
detailed information regarding the gneissose rocks, except in the imme- 
diate neighbourhood of the sedimentary formations* 

How imperfect is our present knowledge of these rocks may be judged 
from the fact that it has been found impossible to distinguish, on the accom- 
panying map, between true gneiss and intrusive granite. It is only within 
late years that the frequency with which granite has acquired gneissose 
characters has been recognised, and it is highly probable not only that 
some large exposures, of what has been described as granitoid or massive 
gneiss, are composed of gneissose granite, but that what have in many cases 
been described as beds of gneiss, interbedded with non-felspathic schists, are 
in reality veins of granite which have been intruded along the foliation 
planes, .and subsequently acquired a parallel arrangement of their consti- 
tuent minerals. Under these circumstances it is impossible to attempt 
anything like a complete or connected account of the gneissose rocks, 
and the following pages must be taken as the merest sketch, whose main 
use will be to show how much has yet to be learnt. 

hi spite, however, of the, imperfect state of our knowledge, certain 
leading features have come -oulTrom.,. the: iiivestigation,;;s'o''' far as, it has 
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and the most important of these is the recognition of the fact that 
the gneissose rocks do not belong to a single system, but are comprised 
in two or more distinct systems differing in age from each other. 

The oldest of these, often described as the Bundelkliand gneiss 
from its having been first recognised in the country of that naine, is 
characterised by its massive structure, with the foliation generally but 
obscurely 'developed, and the extreme , rarity of accessory niineralsV It 
has been recognised in Bundelkhand, in the gneissose inliers of Sing- 
bhum and in the Bellary district, and it is possible that the massive 
granitoid gneisses of other parts of Southern India may belong to the same 
system. In the first and last named districts, and apparently also in the 
second, it formed the floor on which the oldest distinctly sedimentary beds 
of the Peninsula were deposited, showing that it must, even at that 
remote period, have been an ancient rock which had undergone a great 
amount of sub»aerial denudation. These facts indicate a greater unity of 
character than can be found in the very diverse characters of vrhat are 
believed to be the newer gneisses, and seem to show that the Bundelkhand 
gneiss maybe considered as a true rock system. 

The second, or newer, type of gneiss exhibits a much better deve- 
loped foliation as a rule, it is at times interbedded with schists and is 
distinguished from the first by the abundance and variety of the accessory 
minerals it contains* I'he rocks of this division are looked upon as newer 
than those already mentioned, firstly, because no unconformable contact 
of original deposition, between them and the sedimentary beds of the 
older transition systems, has been observed, secondly, because^ wliere 
they are in contact with the latter, bands of gneiss have in several places 
been observed apparently interstratified with the distinctly sedimentary 
beds, and thirdly, because the general type of rock is, according to theories 
that are widely held, newer than that of the Bundelkhand gneiss. All 
three of these arguments are open to dispute. As regards the first it 
may be observed that the presence of a contact of original unconformity 
with the transition beds has of itself been held sufficient to show that 
the gneiss belongs to the older class, as regards the second, there is no evi- 
dence in the recorded observations to show that the supposed interbedded 
gneiss is not gneissose granite intrusive along the planes of bedding, or 
a foliated arkose, and as regards the third, the theories arc by no means 
completely established. Still, though absolute proof is wvanting, there is a 
distinct balance of evidence in favour of the more foliated gneisses bei ns* of 
newer origin than the massive forms, and this is in accordance with the type 
which the foliated gneisses and their accompanying beds of crystalline 
schist exhibit, intermediate between- that of the granitoid gneiss on the 
one hand and the distinctly sedimentary, though metamorphosed, beds of 
the transition systems on the other. . ! , , 
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In the only critical and detailed exaniination of the gneisses of the 
Peninsula that we have at present, P Lacroix has suggested the existence 
of groups of successive origin among the gneisses of the Salem district 
and Ceylon. His investigations were based entirely on specimens whose 
localities had been but imperfectly recorded, and the suggestion still lacks 
that confirmation from detailed observations in the field which alone, could 
render it authoritative. It is, however, probable, as will appear in ilie 
sequel, that there are more than twm successive series of gneisses repre- 
sented in the Peninsula of India. 


After these introductory remarks it will be best to proceed to a brief 
review of the principal points of our knowledge of the gneisses in 
different districts of the Peninsula, commencing with that of Biindel- 
khand. 

This gneiss forms the basis of lower Bundelkhand, as distinguislied 
from the higher portions of that district lying on the adjoining Vindhyan 
plateau. On the north-north-east border, for 200 miles, the gneiss is 
gradually covered by the superficial deposits, forming outlying and mar- 
ginal portions of the Gangetic plains, at an elevation of 500 to 600 feet 
above the sea. Elsewhere the area is very sharply bounded by a scarp 
of overlying formations, whether Vindhyan or transition. Along the base 
of the scarp to the south-west the elevation varies between 1,000 and 
1,200 feet above the sea, the scarp itself rising to 1,900. The gneiss 
sometimes forms hills, but the general features of the ground are flat, un- 
dulating uplands, sparsely cultivated, including shallow valleys and plains 
of alluvial land. 

Gneiss is by far the commonest rock.^ It may be described as consist- 
ing of some six minerals — red orthoclase felspar, a white plagioclastic 
felspar (probably oligoclase), quartz, hornblende, chlorite, and mica. In 
any one place the gneiss may contain only two of these, or it may in- 
clude all of them. With regard to texture every variety is met with, 
from a homogeneous felstone, in which no individual mineral can be dis- 
tinguished even with a lens, to a coarsely porphyritic rock, including 
felspar crystals more than two inches long. The orthoclase nearly always 
forms the main mass, and exceeds in quantity all the other minerals to- 
gether. its ordinary colour is a darkish red, hut now and then it is much 
paler, and almost or quite white. In such cases it is not easy to distin- 
guish the felspars on a fresh fracture, when both occur, but the difference 
becomes apparent on a weathered surface. The' orthoclase has a 
vitreous, or somewdiat pearly, lustre and translucent aspect, the other is, 

^ Bull, Soc, Fran^, Mineral.y XII, 83, (1889) ; ■ ® Tlie characters of the rocks of this area nre 

XXIV, 155, (1891). chiefly taken from the linpiiblishcd reports of 
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dull and quite opaque, having been superficially altered into kaolin. The 
plagioclastic felspar is a comparatively uncommon mineral, when present 
it plays quite a subordinate part, and occurs in much smaller crystals than 
the orthoclase. As often as not, no free quartz can be detected in the 
gneiss, and it very rarely indeed occurs in large quantity. The rock is 
usually hornblendic, but sometimes the hornblende is partially or entirely 
replaced by chlorite and mica. The mica is of more than one species, both 
uniaxial and biaxial, and of varying colours, green, brown, black, and 
silvery-white, the last being rare and chiefly found in the southern part 
of the area. 

Foliation is seldom well developed, the rock being very commonly to 
all appearance perfect granite, but no direct evidence has been obtained, 
beyond this, of the existence of true granite, and sometimes, by close 
examination, traces of foliation may be detected in rock which at first 
sight appears quite devoid of it. This foliation has generally an .east- 
north-east direction, but varies to north-east and east-south-east. The 
planes are more or less vertical. 

The subordinate varieties of rock, all combined, are of very insigni- 
ficant extent in comparison to the gneiss. One of the most prominent is 
hornblende rock, which sometimes resembles trap very closely, parts 
of it being as fine-grained as the intrusive dykes of diorite, or the over- 
flowing basaltic trap, and weathering into similarly rounded lumps, but 
this variety passes into a much coarser kind in which the felspar and 
quartz are well separated. The most trappean- looking portions, more- 
over, contain thin strings and films of epidote, which have not been 
observed in the trap. Another well-marked variety contains about equal 
quantities of hornblende and white or greenish-white felspar, in crystals 
about an eighth of an inch long. This rock sometimes contains, in addi- 
tion, an inconsiderable proportion of reddish felspar, quartz, and green 
mica, and very minute specks of iron pyrites. 

Besides the hornblende-rock, talcose, hornblendic, chloritic, quartzose, 
and even argillaceous schist, and the combinations of these .vith each other' 
occur with the gneiss. Mica schist has not been . observed. Schists are of 
very rare occurrence in the gneiss generally, but all the above varieties are 
to be found in some force in the southernmost part of the area, in the 
Maraura region. This peculiarity of distribution is so marked ’that it 
was taought that the schistose strata might here be separable from the 
gneiss, a suggestion which is much encouraged by the fact that the great 
quartz-reefs, elsewhere so prevalent in the gneiss, stop short of this ground, 
but it has not as yet been found possible to draw a line between the 
gneissic and the schistose subdivisions. Gneiss, of the usual type is still 
a prevalent rock in the schistose area, and is the most southerly rock seen 

atShabgarh. It seems, too, to be truly associated with the schists. We 
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may perhaps at least infer that in this region we have the lop of the 
giieissic series of Buiidelkhand. 

It is a noteworthy fact that over the whole of this large area of gneiss 
not a single bed of limestone has been detected. 

Pegmatite veins, from a few inches to a foot or two in breadth, are 
very common. If tl.ese were intrusive, it might be expected that they 
would be somewhat uniform in composition, irrespective of the nature of 
the surrounding rock, but it has been invariably observed that the felspar 
of the vein is the same as that of the rock adjacent, whether the latter is 
orthoclase or plagioclase, or includes both, the chief difference consisting 
in the larger crystallisation and in the usual absence of the third mineral 
{hornblende, etc.) in the veins. It is therefore presumable that the veins 
were formed by segregation at the time of the crystallisation of the gneiss. 

The almost total absence of accessory minerals in these rocks is 
remarkable. Mr. Mallet only mentions epidote sparingly in the horn- 
blende rock, schorl in some of the small quartz veins of the Maraura 
region, small grains of ilmenite in some of the pegmatite veins, and 
strings of altered kyanite in the quartzose rock of Dhankua hill. Small 
pieces of galena have been sent from Jhansi for analysis, but their 
locality is not known, and they may not have been procured from the 
gneiss. Iron ore has been extensively burrowed for at Dhawara, it is a 
decomposed earthy condition of - the banded haematite and quartz. The 
absence of any trace or tradition of gold in connection with the quartz 
reefs is noteworthy. 

All over lower Bundelkhand long narrow serrated ridges composed 
of quartz-reefs form a most striking feature of the landscape. They 
run in straight lines, generally with a north-east to south-west direction, 
sometimes attain an elevation of 6oq feet over the surrounding country, 
and are exclusively confined to the gneissic series. They are pretty 
equally distributed over the ground, with the exception noticed in the 
southern region, which, moreover, lies right across the strike of the reefs 
to the north-east 

'i'he prevalent strike of these quartz-reefs is about north-east by 
north, but varies from north-north-west to east north-east. The 
breadth of the veins varies from a few feet up to lOO yards, in the reef 
west of Bhagwa. Some of them are traceable in a direct line for more 
than 6o miles, the local interruptions which occur being sometimes due 
to removal by denudation, sometimes to strangulation of the vein itself. 
Other reefs, again, though of full thickness and very prominent at the 
surface, are short and end abruptly.. There is a good case of this at 
Dehri, where a broad reef, 300 feet high, is only about a mile long, no 
trace of it occurring in the gneiss to the north or south. The narrow 
gaps by which the minor streams in many places cross the reefs give 
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peculiar facility for the formation of lakes, as a very slioii dam is 
sufficieat to pond back a large surface of water, and many of the numer- 
ous artificial lakes in Bundelkhand are formed in this way. 

The reefs are often affected by joint-planes, which sonietinies give an 
appearance of horizontal bedding to the mass. When parallel with the 
direction of the reef itself they suggest, in a more puzzling manner, the 
impression of a bedded mass. Nowand then the quarts is much shattered. 
At Deokalli and Bagpura samples might betaken for the Bijawar liorii- 
stone-breccia. a description of which will be found on a subsequent page. 

Foliation is often developed/owing to the metamorphic conditiGn of 
the reefs themselves, and it usually extends to the contiguous gneiss, 
which is generally so amorphous. When the foliation in both rocks has 
the same direction as the reef itself, the quartz mass might be taken to 
be interbedded with the gneiss. Generally the foliation is oblique to the 
direction of the vein, while still the same as that of the gneiss. 

Many of the reefs are of greyish -white quartz. Frequently they con- 
tain a large amount of impure serpentine, and occasionally they are formed 
almost entirely of this material. The more northerly of the two ridges at 
Dallipur is an example. At Rajapur a band of nearly black serpentine 
occurs, apparently a continuation of the quartz vein to the north. In 
many cases the gneiss is serpentinous for some distance on each side of a 
vein, there being no distinct separation between the two rocks, but ser- 
pentinous gneiss has not been observed except near a quartz vein. 
Steatite takes the place of serpentine in a few veins. 

From his observations, as above sketched, Mr. Mallet concludes that 
the reefs were probably formed before the metamorphism of the gneis. 
was accomplished. 

Many of the quartz-reefs, as well as the gneiss itself, are traversed by 
more recent, and much smaller, veins of pure white quartz, the thickest not 
much exceeding one foot in breadth. They are very frequently crystalline 
and drusy in the centre, and they are always sharply distinct from the rocks 
they traverse. Their direction is very irregular. 

The gneiss of Bundelkhand is also remarkable for being traversed by 
extensive trappean intrusions, none of which penetrate any of the younger 
formations. These dykes, of true igneous rock, are more numerous than the 
quartz-reefs, and exhibit nearly as much regularity in their course, their 
prevailing direction being about north-west by north, so as to cut the reefs 
obliquely at an angle of about 70®. Some few run east of north, or due 
west, Many are of considerable size, a breadth of 100 feet being not 
unfrequent, while some are much wider. , They are often persistent for 
great distances. The commonest type is an extremely hard and lough 
close-grained greenstone (diorite), in which the hornblende and the white 
felspar are sometimes clearly separated. The rock often weathers into 
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large rounded blocks witbout any tendency to exfoliation. The small 
dykes are of a more earthy texture. 

It is -very rare to find any intersections of the dykes and reefs that 
can be taken as conclusive of their relative age. It is not so uncommon 
to find a dyke running close up to a reef on both sides mdthout cutting 
it, but such an occurrence might easily happen, even though the reef were 
the older, as it may have offered- a greater resistance to splitting. One 
good case of the converse carries much more weight Mr. Mallet records 
an occurrence wdiere a quartz vein, striking east-20^-north, abuts against 
a strong dyke running west- 2 o°*north, traces of the quartz being found 
also on the other side. But he considers the general argument from 
the condition of the two rocks to be independently conclusive, the trap 
has certainly not undergone metamorphism, whereas the reefs as certainly 
have. 

The history of this comparatively small area of gneiss would be very 
interesting. It has served as a shore or a bed for each of the great 
adjoining formutions. The Bijdwars and the Gvvdliors lie upon its margin 
north and south, but no detached outliers of either are found within its 
border, so tliat it may have, been a v\’ell-eievated area at the period of their 
formation. The same may be said of the lower Vindhyan deposits. It 
is not so with the upper Vindhyans, of wddch the outliers are numerous, 
and lie at considerable distances from the scarp of the basin. In the east 
these form a portion of an . ascending slope, the base of the capping 
Vindhyan sandstone being higher in the outliers than in the scarp. In the 
north-west it is curiously the reverse, the gneiss reaches higli up all along 
the western scarp, but the outliers of Vindhyan sandstone to the eastward 
rest at the general level of the low country. 

The next overlying formation is the Deccan trap, remnants of which 
are found on the low ground in the southernmost part of the area, and 
traces of the infra-trappean (Lametd) conglomerate occur more exten- 
sively in the same position. That this portion of the scarp-bounded area 
can have been so occupied almost necessarily implies that the whole of 
the gneissic ground must, at the period of the Deccan trap, have had 
a configuration very like what it has now, and, the source of the eruptive 
rock being presumably to the south or south-west, the lava must have 
poured from the plateau to the lowlands. Trap does, in fact, occur 
continuously from one level to the other in the Madaiipur gorge, but its 
condition suggests no resemblance to a lava stream. 

The newer type of gneiss is well developed south of the Vindhyan 
basin, in Rewd, Mfrzapur, .and Behar. It has been there examined by 
Mr, Mallet, from whom the account of the Bundelkhand area has been 
taken, and consequently we . have not to allow for discrepancies of 
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observation.^ He gives the following tabular abstract of the constituents 
of the gneiss in Singrauli, a petty principality now absorbed in the Rewi 
state and adjoining districts : — 

1.— Minerals occurring' as constituents of the gneiss : — 

QiiartZj orthoclase, oligoclase, muscovite, biotite, hornblende, epidote. 

,, 2..— Occurring in beds, in the gneiss : — 

Limestone, dolomite, corundum, magnetite, quartz as quartzite and 
quart2“schist, hornblende as hornblende-rock, tremolite-rock and 
jade, mica as mica-schist, epidote. 

3. — Occurring in veins in the gneiss 

£3!.— Quartz in veins and reef-quartz, stil bite (?) 

b. — In pegmatite veins (as constituents) : orthoclase, olig'odase, quartz, 

mica. 

c, — in epidotic veins : epidote, quartz. 

4. — Accidental minerals in the gneiss 

Magnetite, ilmenite, schorl, garnet. 

5. — Accidental minerals occurring in the subordinate beds (2) of the gneiss ; — 

a , — In the limestone— 'magnetite, pyrite, hsematite, serpentine, chryso- 
tile, phlogopite (?), wollastonite. 

In corundum bed— schorl, eiiphyllite, diaspore. 

c . — In jade bed (associated with corundum)— corundum, rutile (?), schorl, 
euphyllite. 

6. — Accidental minerals occurring in the veins, etc., in the granite veins : — 

a. — In the quartz-veins— micaceous iron, tremolite, augite, epidote, schorl, 

muscovite. 

b. — In the quartz-reefs— galena, cerussite. 

In the pegmatite veins— schorl, garnet. 

To this list may be added the minerals found by Mr. Mallet in the 
same zone further to the east, in Haz^nbigh : lepidolite, tourmaline^ 
beryl, apatite, leucopyrite, and tinstone. Zircon is also said to occur. 

The contrast between the minerals named in this table and the con- 
stituents of the Bundeikhand gneiss is very striking. The most marked 
differences are the abundance of the disseminated quartz, the compara- 
tive frequency of limestone, and dolomite, and of mica schist, and the 
general occurrence of accessory minerals in the Bengal gneiss. 

The structural characters present another noteworthy point of con- 
trast between these two gneissic series. In Bundeikhand the rock is 
generally homogeneous and amorphous, the foliation obscure and con- 
stantly in more or less vertical planes, as if due to the causes which 
produce cleavage. In the Bengal gneiss bordering the Bijiwar basin on 
the south, the-foliation coincides with what appears to be the original lami- 
nation and bedding. It has a general east-north-east strike, corresponding 
with that of the main rock-boundaries, but the alternating strata frequently 
roll about at low angles of dip, or are crushed together confusedly, the 
foliation constantly agreeing with the lie of the beds. A third point of 

’ Mr. Mallet’s work las been oiriy partially publisbed,. Records, V, i8 j VI, .|.2 ; Vil, 3?, (1S72-74). 
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contrast is in the relation to the overlying transition forniationSj wliicli 
rest nearly horizontal and undisturbed on the gneiss of Bundelkhand, and 
are uniformly disturbed, metamorphosed and subjected to granitic intru- 
sions where they occur in contact with the gneiss of the Bengal area. 

Quartz-reefs have been described in this gneiss also, but to a very 
subordinate extent, and their origin as veins is in many cases open to 
question. A common mode of occurrence of this quartz, or quartzite, is close 
to the boundary of the slate and gneiss series, but it does not coincide with 
their junction, and it is not in any sense a contact-formation separating 
sharply distinct types of rock. It occurs in the strike of the foliation and 
stratification, and may well be an altered quartzite. 

There is a rock common in this northern area of the Bengal gneiss, 
perhaps occurring most typically within the zone mainly occupied by the 
transition series. It is known as dome -gneiss, from its weathering into 
great hemispherical or ellipsoidal masses of bare rock, the only divisional 
planes being concentric layers of exfoliationh The domes are often 
several hundred feet high, and form a very peculiar object in a landscape. 
Foliation is always more or less traceable, and, in every respect of texture 
and composition, the rock is the same as that of the thin bands alternating 
with schists in the adjoining ground. Both are often porphyritic, the 
dome-gneiss generally so, containing large ill-formed (rounded) crystals 
of felspar. There . can be no doubt that the peculiar form exhibited by 
this rock is due to the occurrence of large masses of more homogeneous 
composition than usual, but the question is how these conditions were 
produced, whether we must not suppose a partial degree of plasticity to 
have been attained, and whether the rock is not in a manner intrusive. 
At the Kaidpahar and the Bhiaura hills on the northern fringe of the 
Hazdribagh plateau, and the Mandar hill of the Bhagalpur district in the 
same geological region, there are very typical examples of the dome-gneiss. 

The comparative rareness of trap-dykes in the Bengal gneiss is another 
point of contrast with the Bundelkhand area. In some parts they are 
pretty frequent, perhaps most so in the vicinity of the basins of Gondwana 
rocks, where they are often continuous into such basins, thus fully establish- 
ing their comparatively recent date, but they are by no means generally 
distributed. 

Pegmatite is not uncommon in the gneiss of Singrauli. Mr. Mallet 
does not consider this to be intrusive, its composition varying with the 
rock it traverses, as was explained in the case of the pegmatite of 
Bundelkhand. In northern Hazaribagh, however, he describes the extensive 
occurrence of intrusive pegmatitic granite, ramifying in the most intricate 
manner, in veins and dykes of from 4 inch to 50 yards wide, through both 
the gneiss and the transition schists, and maintaining its composition 
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irrespective of the enclosing rock. It is composed, in order of crystallisa- 
..of touimialiiie,,. .mica, '.felspar, and^ quartz, all four being .geiierally 
;.present,.b.ut , their., proportions vary' greatly. Its tex.tureis very uneve.!!,'. 
the coarsest forms being often found in comparatively narrow dykes. It is 
in this rock that the mica-mines of Behar are worked. Not unfreqiieiitly the 
pegmatite assumes the curious form known as graphic granite. 

The gneiss of the Chutid Ndgpur districts^ up to the basin of trans- 
ition rocks in south-west Bengal, is more or less freely interbedded 
with micaceous hornblendic and silicious schists, and occasional bands of 
the porphyritic granitoid variety. Patches also occur of less highly meta- 
morphia schists. 

The junction of the Chutii Nagpur or Bengal gneiss with the trans- 
ition rocks of Singhbhdm, is described by Mr. BalP as a great fault. But 
within this basin of submetaraorpliic rocks there are extensive in Tiers 
of a gneiss which seems to be of an older date than tliat of Chiitid Nagpur, 
and is apparently equivalent to the Bundelkhand gneiss. It is very uiiiforni 
and granitoid, there is a total absence of the thin-bedded gneiss, schists, 
etc., which abound in the main gneissic area to the north, and we again find 
a remarkable abundance of trap-dykes, forming two intersecting systems, 
having north-westerly and north-easterly courses,, respectively. In contact 
with this Chutia Nagpur gneiss the transition strata exhibit a minimum 
of alteration and disturbance. Mr. Bail describes them, at and near 
Chaib^isd, as sandstones and mudstones resting immediately on the rough 
weathered surface of the granitic gneiss. There are local faults along the 
boundary, but it is certain that the original relation of the two series is like 
that between the Bij^wars and the Bundelkhand gneiss, as already described. 

Further south, in the Tdlcher country, the ordinary newer type of 
metamorphic rocks again prevails. The following rough classification of 
them is given by Mr. Bianford^ ; — 

Gness, a. - Hard, coarse, and felspalhic, becoming sometimes lithologically a 
perfect granite, 

„ 5 , —Soft foliated, quartzose or micaceous. 

„ c.— Compact, but sometimes soft, containing garnets, frequenlly decom- 

posed. 

Hornblendic gneiss or schist, soft and foliated. 

Quartz-schist or schistose quartz, occurs frequenlly in bands separated by softer 
micaceous layers 

The variations in composition coincide with the planes of foliation, the 
prevailing direction being west-north-west to east-south- east. 

Higher up the Mahdnadi valley in the neighbourhood of Sambalpur, 
Mr. BalC observed syenitic and protogenic gneiss as common, horn- 
blende-rock and schist as somewhaT rare, strong quartzites forming the 

> Memoirs, XVIU, SS, 130, (1881). ^Memoirs, <1856). = Records, X, iSi, (1S77). 
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most peculiar feature ill the gneiss ; mica-schist, quartz-schist, and shaly 
slate (and in one instance, near Kitikela north-east of Sambalpur, a con* 
glonierate) were found associated with the gneiss. The strike in this 
region would seem to be very variable — east to west, north to south, north- 
west to south-east, and north-east to south-west, being all recorded. 

On the same latitude, about Nigpur, Dr Bianford^ has noticed the 
general resemblance of the giieissic rocks to those of Bengal* Here 
again there is much irregularity in the strike. 

There is but little information available regarding the gneiss of the 
Nizam’s dominions in Haiderdbid. Westward of Kamamet the massive form 
is known to he largely developed in broad bands running about north-north- 
west, with the more foliated types intervening. From a short distance east 
of Kamamet the schistose forms are found,® and continue to the eastern 
limit of the gneiss area®. 


In the Nellore portion of the Carnatic, and the coastal regions of 
the Kistna and Godavari districts, Dr. W. King recognised four distinct 
varieties of gneiss, occupying separate areas and apparently indicating 
different periods of formation, which were distinguished as — ^ 


4. Micaceous, talcose and hornblendic schists, with few quartz- 

schists or quarU-rock . • j gneisses.^ 


3. Foliated gneisses with frequent quartz- schists or quartz-rock 
2. Grey gneiss, sometimes porphyritoid ♦ > . . .7 Massive 

I. Red granitoid gneiss . . . . . . .j gneisses. 

The red granitoid gneiss only occurs south-west of Venkatagiri and 
westwards into the upland of North Arcot and Cuddapah. The gneiss is 
generally a close-grained aggregate of quartz and felspar (orthoclase, oligo- 
clase (?) and a little albite), hornblende being often scarcely discernible 
and mica even more rare. The quartz is of two forms, dull amorphous^ 
and glassy, and the felspar usually of a pale flesh colour. 

The grey granitoid gneiss forms a band immediately east of this, and 
extends northwards along the eastern edge of the main exposure of Cudda- 
pah rocks. The actual passage frorn one type to the other is gradual, but 
on either side of a narrow interval the rocks differ decidedly in type. 
There is more variety in the rocks of this band than in the red gneiss, but 
the prevalent form is a rather rough gneiss of quartz, felspar, and hornblende. 
The rock is obscurely foliated, but the foliation can generally be detected. 

The boundary between the granitoid and the schistose gneisses is said 
to be tolerably defined. The latter are distinguished by their distinct 
foliation, and consist of hornblendic,: micaceous, talcose, and chloritic 
schists, and well foliated and more massive gneisses. No attempt was made 
to map the two subdivisions separately, . but the relative age was regarded 

* IX, 301, (1872). . I ^ W. King, ilf XVni, 201, (iSSi), 

R. B. Foote, Wa XVIH, 28* (1885). ! * Msmhn, XVI, 126, (iSSo). 
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jis that given in the tabular statemenL The gneiss No. 4 is said to occur 
in a band : separating the granitoid gneisses from; No, 3, and to OYerlie 
both. It seems probable/ hov^ever, that an, outcrop of the Dharwir system^ 
which' had not been separated when the suryey was iBade, has been iiicitided 
■with the metamorphics. 

Til the northeri! portion of this area a fifth form of gneiss is known j 
which has been described as the Bezwada gneiss^ from the town of that namej 
' where. it is typically developed, it forms a band along the .edge; of ■, the 
alluvial area., from the Kistna northwards to the Godivari, and, from its posi- 
tion as well as the less, degree- of metamorphism it has undergone^, is 
believed to be newer than the other gneisses. With the exception of thin 
subordinate bands of quartz-schist and quartzose gneiss, the usual rock 
is of a dark brownish colour^ composed principally of lustrous red murclii- 
sonite, which sometimes so predominates that there are seams, and even 
thick beds, of felspar rock, the murchisonite being then granular. Garnets 
are frequently scattered through the rock and often extremely abundant. 
Here and there graphite occurs in sufficient abundance to convert the rock 
into a graphitic schist, 

These rocks appear to extend northwards along the coast as far as 
Vizagapatam®, where they attain an extensive development, and, besides 
the types of rock seen further south, contain some bands of crystalline 
limestone. 


In the southern part of this area important mica mines have lately 
been opened in some very coarse granite intrusions. At Inikurti the 
crystals are as much as 10 feet in diameter, sheets of 4 or 5 feet across 



Fig. 3. Mica mines at Inikurti. 


have been obtained, free from adventitioa?s inclusions which would spoil 

^ W. King, Memoirs, XVI, 206, (18S0). | ' « W. King, Records, XiX, 1 19, 
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their commercial value, but the size of the' -crystals' caii perhaps: 'b 
realised from the photograph reproduced in figure 3. 


In the south' Marathi country, and in the Bellary district, the . - massive 
type of gneiss, resembling that of Bundelkhand, is largely developed* 
The outcrops form broad bands intervening between the strips of trans- 
ition rocks, which rest on an eroded surface of the granitoid gneiss. 
There are two principal types of this,*- first a fine or medium-grained red- 
dish or grey rock, sometimes so homogeneous as to be hardly distin- 
guishable from a felsite, whose most remarkable accessory mineral is 
pistacite, occurring in veinlets and films lining the joints, and also as grains 
scattered through the mass of the rock. The other type is coarse-grained, 
often highly porphyritic, and is principally developed in the west, while 
the finer-grained types are more common in the east of the district. The 
foliation in the coarse-grained porphyritic rock is very obscure, and the 
prevailing felspar a pink ortboclase. 

Schistose-foliated gneiss is found in a band lying between the massive 
porphyritic rock of Bellary and the band of Dlidrw^rsto the south-west, the 
principal form of rock is quartz^-hornblendic, but no sections showing the 
contact of this rock with those on either side were seen. 

Numerous veins of granite, composed of quartz, red or pink orthoclase, 
and pistacite, are found intersecting the granitoid gneiss near Gooty, and 
the schistose bornblendic gneiss further south. 

The crystalline rocks in Bellary district are, as a rule, very unlike the 
mass of the gneisses in the east and south of the Peninsula, but bear 
a very strong petrographical likeness to the Bundelkhand gneiss. The 
resemblance is not only a petrographical one in hand specimens, but 
also a very striking one in the features of the landscapes of parts of these 
two widely remote regions — a likeness abundantly confirmed by compari- 
son of good photographic views of the granitoids in both tracts. 

The long, narrow, serrated edges of quartz reefs, which form such 
frequent and striking a feature in the Bundelkhand landscape, are nearly 
as common in Bellary district and other parts of the Ceded Districts, and, 
like those in Centra! India, they not unfrequently attain to heights of 
500 to 600 feet and upwards above the general level. The granitoid 
gneisses in Bellary district and the adjacent districts of Anaotdpur, 
Karnul, and Cuddapah, are also traversed by very numerous trap dykes, 
of great size and length, which often rise into bold crests and ridges, form- 
ing very conspicuous objects in the landscape. The relation of these to 
the gneisses and to the great quartz reefs is precisely the same as in the 
typical Bundelkhand area, 

^ The description in the text is based on j Becords^ XlX, 100, (1S86) and a forthcoming 
R. B. Foote, Memoirs^ yiW ^ 37^ (1^76)5 ' on the Beliary district, 
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A further noteworthy fact, in perfect agreement with the geological 
structure of the Bundeikhaiid gneiss, is the total absence, as far as our 
present knowledge goes, of limestones in the gneissic region of Bellary, 
the south Maratha country, the Raichur Doib, and the districts of Ananta- 
pur, Karndl, and Cuddapah. Yet another point in which the granit- 
oid gneisses of Bundelkhand and Bellary show a strong similarity, is 
in the extraordinary rarity of accessory minerals — a point in which they 
differ much from the gneisses in the eastern Carnatic.^ 

The gneissic rocks of Sdwantwdri and Ratn^giri in the Konkan, as 
the low country between the Sahyadri range and the sea is called, ’would 
seem, from Mr, Wilkinson’s description, to be more varied than on the 
Deccan [jlateau above the ghats. I’he distribution in separate bands of 
more massive and more schistose characters does not occur. The beds con- 
sist of true gneiss {t\e. a well foliated quartzo-felspathic rock), micaceous 
and hornblendic schists, quartzites, and altered micaceous sandstones, with 
some subordinate bands of granitic and syenilic gneiss, also occasional 
talcose, chloritic and actinolitic schists. The mass of porphyritic syenite 
forming Wajhiri hill, five miles from Vengurla, is considered to be iiitrii- 
•sive.^ ■ ■ ■ ■ 

In south Malabar Mr. Lake^ has described three principal types of 
gneissose rocks, which appear to be of different ages. They Rre, Jirsiiy, the 
quartzose gneiss, composed principally of quartz and hornblende, or some- 
times mica, the other minerals are frequently absent, and thick bands of 
pure quartz occur; large masses and runs of very hornblendic rock are also 
found, and somebeds consist principally of quartz and hsematite, the latter 
apparently due to the decomposition of garnets. Secondly^ the garnetiferoiis 
gneiss, usually a granular rock, with much quartz, a little felspar, and horn- 
blende in varying, though seldom, large, proportion; garnets characterise the 
rock, and are occasionally very abundant, but usually subordinate to the 
quartz. Thirdly^ the felspathic gneiss, in wdiich felspar forms the principal 
constituent, quartz also occurs, but there is very little of any other mineral. 
There are also exposures of granitoid and hornblendic gneissose rocks which 
appear to be intrusive and do not cover any large area in the district. 

The distribution of the three types of gneiss presents some features or 
interest. The quartzose type of rock is found in two areas, which are pro- 
bably connected with each other in the intervening imsurveyed ground. The 
strike of the foliation is nearly north and south. The quartzose gneiss 
Is succeeded to the west by the garnetiferous, and this again by the felspathic 

i This and the two preceding paragraphs are clature between different observers In the.se 
extracted from Mr. R. B, Foote’s unpublished rocks; what some might call an altered 
on the Beilary district, micaceous , sandstone others would name a 

^"Records, IV, 41, {1871). Some allowance qtiarty.-schist. 
must be made lor discrepancies of nomen- MemobSi XXIV, 209, (1S90). 
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gneiss^ in which the foliation runs nearly east and west, but bends round 
»tiie outcrops of the quartzose gneiss, in a maimer suggesting very 
strongly that they are of different ages and that the latter is the oldest. 
I'lie foliation is usually coincident with the banding in all three type.3, but 
where the east and west foliation bends round the north and south foliation^ 
there are occasional discrepancies. 

Our next note upon these rocks refers to the south-east VValndcl, on 
the uplands of Mysore at the north-west base of the Nilgiris. In the little 
map published with Dr, King's report ^ on this ground the greater part of 
the area is shown to be wdtliin the region of the steady east* north-east 
strike which obtains in the Nilgiris and along the south-east edge of the 
Mysore plateau, but towards the north there is an area of troubled dips, 
centred round two masses of granitoid rock forming the Mani malai and 
Yedakal malai, north of which the foliation again passes into the normal 
north-north-west strike of the Sahyadri. Dr. King treats these granitic 
masses as doubtfully intrusive. This Nflgiri strike is noted as distinctly 
that of the lamination and bedding of the gneiss as well as of the folia- 
tion, the general dip here being southerly. Four belts of gneiss are 
recognised in the south Wainad, the quartzo-hornblendic gneiss of the 
northern face of the Nilgiris, and below (north) of it the Devaia band 
of highly felspathic gneiss with two minor belts of chloritic gneiss. 
North of this is the quartzose and ferruginous band forming the Mar- 
pan mad i range, beyond which is a broad area of more varied gneiss. 
'Jhe auriferous quartz-reefs are perhaps most developed in the Devaia 
band. Their lie is peculiar, the strike is north-north-west, corresponding 
with that of the gneiss in the country to the north, and at right angles to 
that of the rocks in which they occur, yet they generally have a low dip, 
from io° to 30®, always easterly. One small trap dyke occurs in the 
Devaia band, running east by north, nearly in the strike of the gneiss. 

In the Nilgiris^ massive (obscurely foliated) gneiss prevails, but it 
is of a very different type from the massive gneiss of the south Marithi 
country, wdiich is granitoid and copiously felspathic. It is in the very 
hornblendic variety of the gneiss, such as prevails over the northern 
portion of the Nilgiri plateau, that the foliation is least marked. 
The rock is described as hard, tough, and black, breaking with an even 
fracture and consisting of an intimate mixture of quartz and horn- 
blende, with some garnets. It was taken by early observers for syenite 
and greenstone. A similar rock, but with a variable proportion of ftdspar, 
is very common in the central parts of the hills. There are also several 
strong courses of a qiiartzo-felspathic gneiss, \yliich has been taken 

3 J^ecords, Vin. 29, (1S75). i , ® Memoiis, b 218, (1858). ; 
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for graphic granite.^ Locally this gneiss also contains garnets in great 
quantity. V . ■ . ' , \ * 

. ,A' few, thin dykes of trap have -.been observed in the Nilgiri hills/ but 
no granitic veins. Small irregular veins of white quartz are common/ but 
■no reefs have been observed. 

To the south, as well as to the north, of theNflgiris the gneiss of the 
low ground becomes well foliated and schistose. South of Coimbatore 
a band of limestone has been observed in the metamorphic rocks. Granit- 
ic veins are also common in this neighbourhood, being especially 
conspicuous in the hill of San kari Drug, but no intruded granite mass 
of large dimensions occurs. Mr. H. F. Blaiiford, from whom the notes 
on the Nilgiris are taken, describes^ a band of granitic rock to the 
north of Trichinopoli, and points out that this band is possibly a con-* 
tinuatioii of the very similar rocks of Coimbatore. In Trichinopoli, as 
to the westward, there is no massive intrusion, but the whole band 
(about four to six milesqvide) may be considered rather as a network of 
veins, running generally ill the planes of foliation of a shattered band 
of highly foliated hornblendic gneiss, which is frequently twisted and 
contorted in every direction. The veins consist of a largely crystalline 
binary granite, mica occurring but rarely. The proportions of quartz and 
felspar vary greatly, and these ingredients sometimes affect the structure 
known as graphic granite. Mica is altogether a rare ingredient in the 
gneiss of this region of the Peninsula, 

A considerable area of the gneissic rocks of Southern India, from the 
Cauvery northwards, has been mapped in some detail. The geology has 
been described by Messrs. King and Foote, and the leading features have 
been made out, or at least suggested.^ The belt of granitic intrusion 
along the north bank of the Cauvery, already mentioned, is on an anticlinal 


axis. Beds of variable gneiss and schists, with some limestone, dip from 
it on both sides. To the north they pass under the great mass of rocks 
forming the several clusters of hills in the Salem district, where, as in the 
Nilgiris, a syenitoid hornblendic gneiss is very prominent. With it 
are associated the various magnesian schists from which the magnesite of 
the chalk hills'' is derived^ and also the great beds of magnetite which 
have made Salem famous as an iron-producing district These are not 
1 odes, but regularly bedded masses of banded iron-ore and quartz, associated 
with the gneiss. With the aid of the very conspicuous outcrops formed 
by this rock, several great features of contortion have been made out, 
proving the strata to be frequently repeated at the surface. 

i Recent unpublished observations by Mr. * Recent observations, as jet unpublished 
Holland indicate the probability that some of by Mr. Holland, show that the magnesite is 
these are intrusive. probably derived from the decomposition of thf- 

Memoits^lVy 30, (2863). , ^^Itrabasic intrusive rocks which he has delertcd 

Men.oirsy IV, 269, (1864). in this district. 
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A Gollectioii of rock specimens from the Salem district^ made by Les- 
clienaiilt de la Toiuv ill i8:I9j jias r^^ the subject of an 

important study by; M. Lacroix/ ■■who iound anioiig them an interesting 
series of acid and basic gneisses^ scapolite bearing rocks^ and mica 
schists. ' The greater part of his results are of a lithological and mineral- 
.ogical nature^. too,, isolated, in .their bearing .0.11 Indian geology to bear 
summarising here^ and his suggestion, that the specimens belong to three 
separate stages, corresponding to those known as and /c of the 

geological map of France, yet waits the confirmation of detailed work 
in the field. The paper is, however, of importance, apart from the valu- 
able results it contains, as showing how much remains to be done in the 
study of the Indian gneissose rocks. . ■ 

., In South Arco.t, ,to/.the ea^ the Salem hill-groups, a considerable 
area is occupied by, rocks .having a very granitic, aspect, yet showing in 
many places an appearance' of stratification and occurring in great con- 
tinuous ridges, which apparently form anticlinal and synclinal folds. The 
rock is composed of quarts ■ and white and pink; felspar. It frequently 
contains blocks, both angular and rounded, of hornblende schist. Alto- 
gether, the nature of this rock: and- .its position in the metamorphic series 
are still open questions. 

North of Trichinopoli a change takes place in the direction of the 
strike of the metamorphic foliation analogous to that noticed in the 
Waindd. The east-north-east direction changes rapidly into north-north- 
east, parallel to the Coromandel coast. The regularity of the coast-line 
is no doubt connected with this fact, and it is interesting to note how’ the 
main structural features of the fundamental rocks thus determine the 
actual configuration of the Peninsula. All the fossiliferous deposits, 
and even the later azoic formations, are but patches on the weather«worn 
surface of this most ancient gneissic mass. 

Ill the Madura and Tioneveili districts the gneissose rocks are of 
two tjpes^^ one the ordinary granitoid gneiss, the other described as 
granular quartz rock, and Mr. Foote believed that he had recognised no 
less than six alternations of these in the northern portion of the Madura 
district. Such supposed stratigraphical successions, however, in rocks that 
have been so highly metamorphosed and disturbed as these, are open to 
grave elements of doubt, Both micaceous and hornblendic types of gneiss 
are found, granite intrusions are not abundant, quartz veins are rare, 
and trappean intrusions almost entirely absent. A few exposures of 
coarsely crystalline limestone in the gneiss are recorded. 

Soc, Frang. Mineral, Xll,83, (1889). ] XXIV, IS5“^66, (1891). ' ' ; ' . 

Translated by Mr, F, R. Mallet, Records, * R; B. Foote, Memoirs, XX, lo, {18S3). 
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A few words may here be said regarding the distribution of the trap 
dykes which traverse the gneisses of southern India. They are extremely 
rare iiiTinnevelli and south Travancore, and very few are seen in Madura, 
PadukaMij south Trichinopoli, or in the band penetrated by granite 
veins north of the Caiivery. In north Trichinopoli, Salem, and South Arcot 
the number increases, but in Coimbatore they are not numerous On the 
Nflgiris they are few and small, and only one is known in the Waindd. In 
North Arcot they are very numerous, and often large and of great lengthy 
they continue to be numerous in south-west Cuddapab and Anantdpiir, 
becoming less so in Bellary and Karnul. In Chengalpat, Nellorei and 
Kistiia they are not common, and none very large. 

In composition the trap is dioritic, usually of medium grain, though 
both very coarse and very fine-grained varieties are met with. The in- 
trusions are of very ancient date, and probably connected with the vol- 
canic outbursts of the Cuddapah system. The ancient volcanic neck of 
Wajra Karur, a notice of which will be found in a subsequent chapter^ 
may be connected with them. 

Turning northwards to the Aravalli range, we have very few observa- 
tions recorded, regarding the gneissose rocks. In some exposures 
in the northern part of the range and on its eastern margin, beds 
belonging to one of the transition systems are said to rest unconformably 
on granitoid gneiss,^ but in the central portion of the range the contact 
is said to be transitional and accompanied by an interstratification 
of the transition beds with the gneiss, it is not impossible that there is 
gneiss of at least two distinct ages in the range, but the apparent trans- 
ition is probably due to the disturbance the beds have undergone, and 
the apparent interstratification to veins of gneissose granite intrusive 
along the planes of bedding. True granite is known to occur abundantly 
in the Ardvallis. 

The gneiss of Mount Abu and its neighbourhood is said to be highly feis- 
pathic, massive, and crystalline, but occasionally a few schistose beds occur. 

At the southern end of the range, in the lower Narbada valley, near 
jobat, well foliated gneisses, with quartz and hornblende schists, are promi- 
nent, while mica schists and granitoid rocks are rare. Limestone and 
slates occur. among the metamorphics, but whether the association is real, 
or only due to the disturbance they have undergone, is not clear.® 

In extra-peninsular India the gnenssose and granitoid rocks occupy a 
smaller proportion of the total area and, except in a small portion of the 
Flim^layas, have been even less studied than in the Peninsula. 

1 C A. Hackett, XIV, 270,(1881). » P. N. Bose, XXI, 7, { 1884 ). 
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Of tlie gBeissose rocks of Afghdnistdn we have very little iiiiormatioii. 
They are knowa to occur ill the Safed Koh and in the Hindu Kush, and 
probably occupy the greater part of Kahristdn, up to the region of the 
Pamirs. ■' 

In the Himalayas the few observations that have been recorded are 
often of a misleading nature, owing to the difficulty there often is in 
distinguishing between true gneiss which has become so metamorphosed 
as to be passing into granite, and granite which has assumed the foliated 
structure characteristic of gneiss. The broad features of the distribution 
of the gneissose rocks in the north-western portion of the Himalayas 
are tolerably known, and it is found that the area occupied by them 
not only corresponds to the regions of special geological elevation, 
but is approximately coincident with the principal ranges of high peaks, 
the coincidence being due quite as much to the comparatively greater 
resistance offered to denudation by the crystalline rocks, as to the fact 
of these being areas of greater special upheaval. 

In the region north-west of Kashmir, where the Himalayas and Hindu 
Kush meet, there is known to be a large extent of gneissose rocks, associated 
with some schistose slates and crystalline limestones, but no iithoiogicai 
details of importance are available. 

In Kashmir territory the boundaries of the crystalline rocks have been 
approximately mapped, and the rocks themselves cursorily described by 
Mr. Lydekker/ but his description, being based on rapid traverses, contains 
few details of sufficient importance and certainty to be repeated here, and 
fails moreover in always distinguishing between the gneissose granite 
and granitoid gneiss. Mr, Lydekker believed that the gneissose rocks 
were of two ages,*— for the one, the older, he retained Dr. Stoliczka^s name 
of ‘‘ central gneiss, while the newer gneiss w^as regarded as conformable 
with, and in part formed by the metamorphism of, the sedimentary unfossii- 
iferous slates, believed to be of Silurian age, so hirgely developed in the 
Himalayas, it is more than probable that the Himdlayan gneiss, like that 
of the Peninsula, belongs to more than one system, and is not all of one age; 
but the second conclusion, though in consonance with a somewhat discredit* 
ed theory of metamorphism, is open to doubt. The apparent interstratifica- 
tion of gneiss with schistose slates and limestone appears, in at least some 
instances, to have been due to foliated granite, intruded along the bedding 
planes, and the apparent complete metamorphism of the slates into gneiss 
is probably due either to a complete obliteration of the sedimentary rocks 
by a gneissose granite, or to a misinterpretation of the scattered observa- 
tions, _ 

XXII, 265, It must be re- 1 widely separated traverses of the country 

membered that the observations were made on | which has not yet been examined in detail 
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It is certainj^h in Zaiiskar, Rupshu, and the goeissose area 

which extends along the main axis of the Hiindiayas north of Kumiun, true 
gneiss is largely devoloped. In places this is well foliated, and exhibits a 
succession of parallel layers^ of differing mineral constitution^ which are 
strongly suggestive of an origin by some process of sedimentation^ But 
often the gneiss is extremely granitoid, with the bedding very obscurely 
e,xhibited3 and 'it is at' present uncertain whether this is, merely .the ■ 
iesult of a more advanced metamorphism of the bedded gneiss or indicates 
a ''difference of age. , , ■ ■ •/ 'v'hll 

No careful and critical examination of these gneisses has been made as 
yet. The principal minerals are quartz, orthoclase, and mica, in varying 
proportions, but plagioclase felspars, schorl, garnet, and kyanite are not 
uncommon accessory constituents. In some of the beds purphyritic crys- 
tals of orthoclase are found, of lenticular shape with a well developed crys- 
talline structure, exhibiting universally a twinning of the Carlsbad type, 
with the plane of twinning coinGident with that of the foliation. 

The gneiss of the Ddrjiling district is of the foliated type, apparently 
a true gneiss® composed of translucent colourless quartz, opaque white 
felspar and dark brown and silvery mica, varying in texture from fine- 
grained to moderately coarse. The gneiss frequently passes into mica 
schist or feispathic mica schist, bands of quartzite are rare, while horn- 
blendic rocks are extremely uncommon and in beds of insignificant 
thickness. Almost the only accessory minerals are kyanite, schorl, and 
garnet, the two last often forming large-sized crystals in the schists. 

The well-bedded gneisses seen on .the ascent from the Sutlej valley 
to the Babeh pass, were originally classed by Dr. Stoliczka^ with his 
centraN^ gneiss, which he considered as forming the original central 
axis of the Himdla3?an chain, on either side of which the subsequent de- 
posits were accumulated. The name has, after being current for many 
years, been abandoned of late, as it implies a theory which, to say the 
least, has not been proved, and because a granitoid porphyritic rock, 
which was included with these bedded gneisses and regarded as the 
typical member of the system, has since been shown to be a true granite 
in its mode of occurrence. 

This rock consists of porphyritic crystals of orthoclase imbedded in a 
fine-grained matrix composed of quartz, orthoclase, some plagioclase ' 

felspar, and mica, both biotite and muscovite, as well as crypto-crystaliine 
mica whose exact mineralogical species is indeterminable, with magnetite, 
garnet and schorl as accessory minerals^ The larger masses of this rock 

Ut is now well established that the apparent beds themselves occasionally show palpab.e 
stratification o£ the crystalline gneisses i$ indications qf their detrital origin, 
often deceptive. lu, the cases referred to in , ® F. R. Mallet, Jife mars, xF, 43, (1874). 
the text this cannot always be the case, for not » Memoirs, V, 15, (1865). 
only are acres of surface of a single bed occa- « C. A. McMahon, Records, X, 22 ; XV, 34 
sionally exposed on the steep hill-sides, but the XVi, 129; XVII, 53^ 168; (1S77-84). 
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exhibit slight traces of foliation, generally recognisable in the field, 
but barely, if at ail, in hand specimens. Besides the larger, slightly 
foliated, intrusions it is found in sheets, generally intruded along the planes 
of bedding, and traceable at times for distances of 20 miles with a fairly 
constant thickness of as many feet. Under these circumstances, it has a 
remarkable resemblance to a truly interbedded rock, a resemblance en- 
hanced by the well-developed foliation, parallel to the bounding sur- 
faces, which these thin sheets invariably exhibit But there is one con- 
stant character which marks both the thin sheets and the larger, less foli- 
ated, masses as intrusive, and that is the presence of numerous porphyritic 
crystals of orthociase, one and all twinned on the Carlsbad type, varying in 
size from half an inch to as much as six inches across, and lying with their 
axes pointing in every direction. 

The small amount of disturbance with which the intrusion was 
accompanied, is in many cases remarkable. It is especially conspicuous in 
the case of the Chor mountain, which rises to a height of nearly 12,000 
feet, 25 miles south-east of Simla. All round this mountain the stratified 
rocks are comparatively little disturbed, dipping inwards on ail sides, 
and in the centre of this quaquaversal dip the granite has risen, as if 
it had simply dissolved and absorbed the rocks whose place it occupies. 
There is some direct evidence that such really was the case, for in the 
south-eastern portion of the intrusion, where it has replaced volcanic 
beds of the carbonaceous system, the fine-grained matrix is coloured dark 
green from the amount of hornblende it contains, a mineral which is 
usually conspicuous by its absence. Even the thin sheets appear to have 
been intruded to some degree in the same manner, for the further they 
are traced from their parent mass the more micaceous, that is to say the 
more impure, do they become, till the mica in some cases becomes so 
abundant that the rock splits easily into large flags. This contami- 
nation of the rock only extends to the matrix, and the porphyritic ortho- 
ciase crystals are unaffected, showing that they had already solidified, and 
crystallised out from the still fluid or pasty magma, when the rock was 
intruded into its present position, 

A similar porphyritic granite is found in Hazara, where it has been 
graphically described by Mr. Wynne, ^ it occurs in the core of a highly 
compressed anticlinal fold in the Pir Panjdl and Dhioia DMr ranges, 
and extends eastwards along the ranges bordering the Sutlej valley. 
It is also found in the gneissic area to the north of this line, associated 
with the true gneisses of Zanskar and Rupshu, and, to the south of the 
main axis of intrusion, is found in the Chor mountain already referred to, 
and ill the Dudatoli mountain in Garhwdl. Intrusions also occurin Kumiuo 
which have not yet been mapped in detail, 

* Maofdif Xll, X18, (iS79). 
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The date of these intrusions is still undeterniinedj and the evidence is 
contradictory. On the one hand, we have the recorded occurrence of blocks 
of it in the so called Pan jal conglomerate of Kashniir,^ but on the 
other, the intrusive masses of the Pir Panjdl and Dhaola Dliir ranges must 
have been in a plastic condition subsequent to the period of deposition of 
the beds in which these boulders were imbedded. The probable explana- 
tion is that the boulders were derived from an ancient land area, composeci 
of a rock very similar to the porphyritic granite of the Dhdola Dh4r, and 
that in the great ccnipression and disturbance which caused the elevation 
of the Himalayas this rock was once more fused and intruded into the 
position where it is now found. 

Another very characteristic intrusive rock of the Himalayas is a white 
granite, occurring in veins of various sizes and degrees of coarseness cf 
texture. The granite consists of quartz, white felspar, which in at least 
one instance is oligoclase,® and muscovite. Schorl is a very common acces- 
sory constituent, and beryl, fluorspar, and garnet are found. The rock is a 
very common and conspicuous one along the principal axis of the Himalayas, 
occurring in intrusive masses and innumerable veins, ramifying through 
the gneiss and schists, and even penetrating the slates. Its intrusion 
appears to have been, generally, of later date than the porphyritic granite. 

Syenite is largely developed in the range north of the Indus and west 
of Leh, where it is unconforraably overlaid by the eocene beds of the 
Indus valley. Another outcrop of syenite is known, east of Chakr^ta, in 
Jaunsar, but this is intrusive in the slates, and is very probably of later 
origin than the Ladakh rock. 

From a geographical point of view, Assam and the Shillong plateau 
could not be affiliated to the Peninsula, but, geologically, this would 
appear to be their proper connection, since the prevailing rocks closely 
resemble the gneissic and transition formations of Bengal, and differ 
widely from the rocks of the adjoining mountains to the north and east. 
The structural characters bear the same relation ; on the edges of the 
Shillong plateau secondary and tertiary strata lie quite horizontally, 
while much younger deposits have undergone intense disturbance in the 
contiguous Himalayan and Burmese regions. The plateau thus forms a 
wedge-like mass of neutral ground, occupying an acute angle between 
two regions of contortion. 

The ground to wffiich these remarks apply is not known to extend 
north-eastwards, beyond the Dhaneswari (Dhansiri) river, though it is likely 
that the gneissic rocks stretch for some distance under the alluvium of 

XXil, 280. (1883), r . j first incorrectly tlescribed as albite. See F R. 

Memoirs, V, 14, {1865). The felspar was at 1 Mallet, XIV, 238, (1881).* ^ 
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upper Assam. Tiie principal area is tlie cootinuotis hilUmass, 250 miles 
long, between the Dhaiieswari and Brahmaputra. The whole of the low^er 
Assam valley may be included in the same geological region^ for the numer- 
ous hills protruding through the alluvium, north of the Brahmaputra, consist 
of the same gneiss, and not of the Himalayan type of metamorphic rocks. 

The most interesting of these outcrops in the low ground of the Brah- 
maputra valley is one observed by Mr. Mallet^ within 200 yards of the 
tertiary sandstone at the base of the Himdlayast on the left bank of the 
Raidak river, in the western Bhutan DwArs. It is really within the sub- 
Himalayan zone, being up a river^-valley, inside the mean outer boundary 
of the sandstones. The rock is thick-bedded hornblende-schist, a com- 
mon t3'pe of rock in the Bengal gneiss, but one that is rare in the Ddrj fl- 
ing gneiss of the adjoining mountains. This is the only instance of close 
proximity of the azoic rocks of the Peninsula to the Himalayas. 

Ihe only observations hitherto made on this Assam gneiss prove little 
more than that it has a likeness to the Bengal rock, and that the general 
strike is the same. Some granitic intrusions occur in the transition rocks 
of the Shillong area, in connection with which they will be noticed. 

Gheissose rocks are largely developed in the hill ranges which rim 
southwards from the eastern termination of the Himalayas, to the east of 
Burma and Tenasserim, but very little is known of their constitution. 
More or less granitoid gneiss, bornblendic gneiss, crystalline limestone, 
quartzite and schists of various kinds are found. In many places the 
gneiss becomes a true granite, and much of the area is occupied by a rock 
which has been described by various observers as an eruptive granite. 
Some of the granitoid portions of the rock weather into remarkable 
rounded masses resembling perched blocks, isolated from each other 
by the disintegration of the intervening rock.® The hornblendic gneiss 
appears to be less common than in the Peninsula of India, while crystal- 
line limestone is not uncommon. 

These gneissic formations are known to be metalliferous in several 
places. Tin occurs in abundance in Tenasserim and the Malay Peninsula, 
lead and silver mines— one of them at least, the famous Bau-duen-gyee, 
of very large dimensions and highly productive — exist in the Shan States 
north-east of Ava, while the valuable and productive ruby mines of 
Mogouk and the less important ones nearer the capital, are situated in the 
same series of metamorphic rocks. 

From the foregoing brief account of the present state of our knowdedgo 
of the gneissose rocks of India, some idea of, its imperfection can be 

3 Memohs XI, 44, {1B74). ! four. As, Soc. Beng,, XXXIV, pt, 2, plates 

® Sketches of these are given by C. Parish) I vi, vii, 
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gatliered. As was stated in the opening paragraph of this chapter, the 
attention of the Geological Survey has, with few exceptions, been only 
incidentally devoted to the giieissose rocks, the exceptions being almost 
exclusively surveys made at an early date, when the true nature and 
origin of these rocks was far less understood than at present. The 
analogy of other countries makes it impossible to doubt that results of 
great importance and value will be obtained when the great gneissose area 
of India comes to be examined in detail. 

In the meanwhile there seems to be only one thing certain, that what 
has been described as the older or Bundelkhand gneiss had already solidi- 
fied, acquired most if not all of the characteristics it now has, and been 
exposed to extensive denudation, at a period anterior to that of the oldest 
of the distinctly sedimentary rocks of the Peninsula. How' far the banded 
gneisses are newer than this, or how far they are the result of subsequent 
changes of the older gneiss, it is at present impossible to say. The re- 
searches that have been made in other countries renders it almost certain 
that, in many cases, what has been described as stratification in the gneiss 
was not' produced by any process analogous to sedimentation, but it is a 
result of the deformation and other changes set up in the rock by pressure, 
heat, and the intrusion of foreign igneous rocks. The recognition of this 
will necessitate a profound modification of many of the passages in this 
chapter, a modification whose extent and limit it is not yet possible to 
indicate. 


CHAPTER HI. 


TRANSITION SVSTEMS. 

Transition systems — Difiicuity of classification— Definition of term— -The Dharvvar system —The 
Bijawar system— A possibly older system — Transition rocks of Behar— of the Assam 
hills— of south-west Bengal— The Gwalior system— The Aravalli system - The Delhi 
system — Kirdna and Chiniot hills— Champdner beds— Maldni rocks— Relative ages of the 
Transition systems— Transition rocks in extra-peninsular India — The Vaikrita system — 
The Daling series. 

Resting upon the crystalline gneisses, and intervening between them and 
the oldest fossiiifercns beds of the Reniiisula, there are a number of rock 
systems whose age it is impossible to determine with certainty, whether 
relative to the European sequence or, in many cases, relative to each other. 
This difficulty is due to the complete absence of any recognisable fossil, 
an absence which in many cases is easily explicable by the disturbance 
and partial metamorphisin the beds have undergone, but equally often they 
have undergone little or no disturbance, and are apparently admirably 
iitted for the preservation of the remains of such animals as may have lived 
when they were deposited. 

Failing fossil evidence, "we are compelled to fall back on lithological 
characters and the degree of disturbance or melamorphism the beds have 
undergone, and on these grounds they can be divided into a number of 
separate systems, representing different periods, or at any rate different 
areas, of deposition, and these systems can again be divided into two 
groups, — an older wffiich, as a rule, has undergone considerable disturbance 
and some degree of metainorphism, and a newer which, as a rule, shows 
only gentle dips and a much less degree of alteration than the other. The 
characters are by no means constant; the Gwalior rocks, which we will 
have to include among the older group of systems, are almost undisturbed, 
while the Cuddapabs, which will fall among the newer, are in places highly 
compressed and contorted. On the whole, however, the distinction appears 
to be valid, as it certainly is convenient for the purposes of description, 
though it is impossible to say how far the eras represented by the two may 
not have overlapped each other. 

The new^er of these groups of rock systems we can, wn'th some degree 
of propriety, class as older palaeozoic, and fertile older the name transitions 
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has become customary. This word is not intended to imply any theory 
as to the mode of origin of the deposits, but merely to indicate their posi- 
tion, intermediate between the older crystalline gneisses and the newer O 

sedimentary deposits, which have undergone a less degree of disturbance 
'and ^metamorphism. ■ 

The most recently recognised of the transition rock systems, though 
probably the oldest in point of age, is that which has been described by 
Mr. Foote under the name of Dhdrwdr system.^ As at present seen, it 
occupies a series of long bands and elongated oiitliers of highly disturbed 
beds, folded and faulted into the gneiss, which have a general nortli-north- 
west and south-south-east strike, and extend from the southern limit of 
the Deccan trap to the Cauvery valley, south of which only a few small 
outliers are known, 1 hese outcrops exhibit two types of structure. They 
are either a sharply folded synclinal or series of synclinals, or else, show- 
ing on one side, usually the w^est, a natural boundary of original contact, 
they are cut off on the other by a fault of great throw, by which the softer 
beds of the upper Dhdrwars have been dropped down, and so preserved 
from entire removal. 

The most westerly of these bands commences in the north as a series of 
inkers in the Kalddgi basin north-east of Belgium. From the southern 
edge of this basin it runs down, with a width of lo to i6 miles, past Dhdr- 
wdr to the Tungabhadra river. Here it spreads out and covers a large area 
in north-western Mysore, sending one offshoot down to within 40 miles of 
the city of Mysore, while another may possibly run southwards from Shimoga 
down into the low country of south Kdnara* The next of these bands 
starts at the southern boundary of the KaMdgi rocks and runs by Dambal 
and Chitaldrug to Chiknayakaiihalli. South of this the band bifurcates, — one 
branch extends to Seringapatara, the other, running somewhat east of south, 
crosses the Bangalore- Mysore railway. A third band runs along the north- 
east boundary of the Kalddgi rocks, east of Bellary, and on to the Penner 
river. Between this and the last-mentioned band there is a tract of 
Dharwdr rocks forming the Sandur hills and copper mountains west of 
Bellary. A fourth band runs southwards through the Shordpur district 
past Maski to near the Tungabhadra, 

Besides these larger bands there are a number of outliers, the most 
important of which are those which form the gold-helds of Kolar, and the 
three bands, further east, which run out from under the Cuddapahs. 

The rocks of the Dhdrwdr system are hornblendic and cliloritic 
schists, phyllites and conglomerates, associated with contemporaneous trap, 
banded jasper, and hajinatitic quartzites. The degree of metamorpbism 

^ The prindpal published descriptions of the text are principally based on the unpub- 
the Dharwar system are in XXI, 40-56,, lished Memoir on the Bcliary district by 

(1SS8), and XXn, 17-39* (1889), The notes in Mr. R. B. Foote. 
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they have undergone appears to vary considerably and to be connected 
with the vaiying and often extreme degree oi compression they iiave 
imdergone, Generaily speaking, the beds are distinctly schistose and fre- 
quently well-characterised schists, but in places they are described as are 
giliites, which readily weather into soft shale. The dioritic traps, which are 
usually found conspicuously developed in the lower part of the series, arc 
replaced by hornblende schists on some of the highly disturbed sections, 
and the pebbles in the conglomerates have occasionally been deformed 
into long rod-like forms. ■ 

Conglomerates are of frequent occurrence at and near the base of the 
system, some being of the ordinary type of true conglomerate, others of 
that type, consisting of boulders scattered through a line-grained matrix, 
for which the name of ^boulder beds’ has been suggested. The included 
pebbles and boulders consist of various varieties of schist, quartz, quartz- 
ite, grit, banded hornstone, and gneiss. 

The h^matitic quartzites are composed of alternating layers of quarts:- 
ite and haematite In proportions varying from a rich, pure, haematite iron 
ore on the one hand, to a banded hornstone containing little or no 
iron on the other. These haematite beds are everywhere found in the 
lower portion of the system, and owing to their hardness, they stand 
up as sharp ridges from the softer schists, which have been denuded away 
from their sides, thus acquiring a conspicuGusness quite out of proportion 
to their real importance. They are specially abundant in the Sandur state, 
where there are vast supplies of a rich, pure, haematite iron ore, formerly 
worked to a considerable extent, by the natives of the country. The 
industry is now almost extinct, as much in consequence of the reckless 
destruction of forests as the competition of imported iron. 

1 he Dhdrwdr system is economically important as it carries alb the 
paying gold reefs that have yet been discovered in Southern India, all the 
known gold fields being on the Dhdrwdr outcrops, and all trials outside 
them ha\ing so far led to nothing but disappointment. The gold appears 
to be most abundant in the outcrops situated in Mysore territory, where 
gold-mining has, within late years, passed through the phase of fierce 
speculation into a well-established and remunerative industry. The reefs 
have been mined in prehistoric times by miners, whose workings, in spite 
of their primitive appliances, penetrated to depths of over 200 feet in 
places and, besides the abundant mines, old dressing floors can still 
be found, with the mortars in which the quartz was crushed, generally 
small hollows in which the quartz was pounded, but occasionally large 
saucer shaped depressions in which huge blocks of granitoid gneiss of a 
ion and more in weight were rolled round and round. 

The relation of the DbdrwAr system to the granitoid gneiss is one of 
most unequivocal unconformity. Wherever a section showing the original 
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■coiitact' is foond, the bottom' beds of the Dh^rwirs are found to rest on :an 
uneven eroded surface of the granitoid gneiss. Yet' gneissoid beds are 
occasionally found in the Dhirw^rs and asectioUi east of M erH'kai in Bellary j 
isTecGrdedj where several alternations of micaceous gneiss with quartzites 
' and hornblende schists are seen. The section is, however, exceptional, the 
gneiss is described as differing more from the typical granitoid than from 
the Dhirwdr schists with whichit is stratigraphically connected, and it is 
possible that the interbedded gneiss may be metamorphosed arkose. • • There 
is of course the alternative interpretation that the Dhdrwdrs are here 
locally in contact with a gneiss newer than that to which they are so dis- 
tinctly unconformable. 

In a northerly direction the Dhir-wdr beds of the central and western 
bands run under the great spread .of Deccan trap, but not before their 
upturned and denuded edges have been seen to be unconformably covered 
by the Cuddapah beds of the KaMdgi area, and to the south-east a similar 
relation subsists between the DhdrwArs and the typical Cuddapahs of the 
Cuddapah area. The Dhdrwar system is thus completely isolated, both 
geologically and geographically. The unconformable breaks above and 
below are so great that they indicate nothing more than the necessity for 
an utter separation of the system from any other occurring in its neigh- 
bourhood, while the distance which separates it from the north of the 
peninsular area is too great to allow of its identification on mere litho- 
logical grounds with any of the transition systems there seen. Yet these 
are the only ones on which w^e can venture even a guess at its correlation 
and, so far as they go, the resemblance is greatest in the case of the 
Gwalior system; contemporaneous dioritic traps occur in both, while the 
nsematitic quartzites of the DhdrwArs resemble the hsematite beds of the 
Gwaliors and not those of the Bijdwars in their structure. On the other 
hand, the small amount of metainorphism or disturbance which the Gwaliors 
have undergone sharply distinguishes them, and it is probable that both 
they and the Bijdwars are newer than the Dhdrwdrs of Southern India* 

There can be little doubt that, when the gneissic area of the Madras 
presidency is more fully surveyed, other outcrops of Dhdrw^r rocks will be 
discovered. At present one, at least, can be indicated in the Nellore Car- 
natic, where a distinct band of more eminently schistose rock^ is said to 
occupy the western edge of the field, the schists being talcose, mica- 
ceous and cbloritic, with frequent intercalations of hornblendic bands. 
Interbedded quartzites are common, and a laminated h^matitic quartz 
schist occurs south of the Sw^arnamuklii. Associated with these more foli- 
ated rocks there is a development of trap, both as dykes and as a large 
irregular mass of diorile and greenstone, which was regarded as intrusive 
on the whole, but in certain cases® distinctly stated to be interbedded. This 

^ Memoir?, XVI, 133, j MemoUs^ XVf, X50, 168, (3880). 
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association of' TOcks is strongly suggestive of the preseiH-e 'of' aii oiitGrc^^^^^^^ 

. of :the' Dhdrwdr :syst^^ which- had not -heeii.' separated from the crys- 
tallmes at the time tlie survey- was 'made. ' 

A 'good .deal ..of . doubt -attaches to the map.pi!ig of this area owing to 
the occiirren.ce of what .appear to' be outlie.rs of true .Cuddapah quartzites^.- 
and-.the di'ffi.ci.ilty of .disting.uishing between the less altered .and disturbed 
Dhdrwdr .quartzites, .and,. , -t.ho.se., of. .the-' Ctiddapah system, where they have 
imdergone.' much disturbance and alteration. . Between the Penner and the 
Swarnamukhi, the narrow^ strips of : quart, zite appear all to be associated with 
contemporaneous traps and schists, and are probably Dhirwdrs. North of 
the Pennei”' there seems good Te'ason.,for- supposing; that they are Cuddapahs, 

. Turning now to, the northern part of the Peninsula, we find a great 
system of transition rocks, which has bee,n distinguished .under the name of 
Bijiw^ar, from- the town of that name in Bundelkha-iid, By far the greater 
part of the area, over which, these, rocks originally extended, is iio'-w covered': 
up\by the new^er Viiidhyans .'and Deccan. trap and they are 'only exposed .i-ii-' 
a, series' 'of outcrops,:', of varying" size,- w^hich. extend -from., Bundelkliand:^ 
south of the NarbadA, a distance of about loo miles from north-north-west 
to south-south-east, and from Jobat to the upper Son valley, some 500 miles 
from west-south- west to east-north-east. 

The commonest bottom-rock of the Bijdwar system in Bundelkhand, 
is a quartzite^ that might locally be called a sandstone. It is generally fine- 
grained, but sometimes, at the base, coarse and conglomeratic from con- 
taining pebbles of white quartz. It rests quite horizontally, or wfith a 
slight dip, upon a denuded surface of the gneiss, even in that most western 
part of the area, where the uppermost portion of the Bundelkhand 
gneissic series is supposed to be found.^ 

With this quartzite a hornstone-breccia and a limestone are intimately 
associated. They sometimes replace the quartzite as the bottom rock, or 
else are interstratified with or overlie it The boriistone is compact 
quartz, more or less transparent or opaque, of yellow^', browm, and red 
tints, the angular fragments included in it being generally of white 
quartz, and aiw-ays paler than the matrix. In some cases, if not in all, 
they are clearly not the result of fracture caused by contortion, for the 
breccia mostly lies quite flat upon a firm support. Occasionally the 
former continuity of the detached pieces is evident, the mass looking as 
if thill bands of quartz had been shattered by concussion or shrinkage, 
then re-cemented in place, and the interstices filled by a more jaspideous 
form of quartz. The limestone, too, is highly siliclous, the quartz appear- 
ing both as thin layers and, as shapeless, irregular segregations of chert. 

^ AfewazVs, fl, I " -J' p, 27. '"C' V'" 
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These bottom rocks of the Bljavvar system in Bijiwar are very irre- 
gular Id their distribution. In some sections there is no quartzite, in others 
no hornstone-breccia or limestone. The total thickness nowhere exceeds 
200 feet This unevenness of the basement-bed tends to suggest the un- 
conformity of the succeeding deposits, but no confirmation has been found 
of this suggestion, on the contrary, sub-schistose shales^ like those of the 
'upper part of the system, are sparingly intercalated with the limestone and 
quartzite... 

More or less earthy ferruginous sandstone, locally somewhat conglo- 
meratic, is the prevailing upper rock, and is associated with incipiently 
schistose rusty shales. The iron in these rocks is locally concentrated into 
a rich haematite which has been extensively w-orked. Several thick, but 
discontinuous, beds of dioritic trap occur in the bottom part of the 
group. 

The whole Bijdwar system in the typical Bijdwar area is probably 
not more than 800 feet thick. The strata generally either have a very low 
south-easterly dip, or are quite horizontal, but in a few places to the south, 
before they become covered up, they are seen to have undergone a consid- 
erable amount of crushing, which has not in the least alfected the lower 
Vindhyan rocks immediately overlying. The general immunity from dis- 
turbance in this small area may be due to the original shallowness of the 
deposits here, where they thinned out over the mass of gneiss, which 
afforded an unyielding support against compression. It is probable that the 
transition basin deepens rapidly to the southward, beneath the Vindhyan 
rocks, and that the complete unconformity betw'een the Bijdwars and 
the lower Vindhyans, as observed in the Son valley, rapidly replaces the 
general parallelism of stratification that obtains in the Bijdwar area. East 
of the Ken the Bijdwar rocks soon disappear, being totally cut out by 
the Vindhyans overlapping on to the old gneiss. From a little west of 
Allah^bld all the lower azoic rocks are concealed by the Gangetic allu- 
vium, which stretches up to the base of the Vindhyan scarp. 

At the Ken the character of the bottom Bijdwar rocks changes rapidly, 
the strong quartzite thins out suddenly, and a prominent rock, on the 
continuation of its strike, is a peculiar, sharply cellular quartzite, much 
quarried for quernstones, but the beds associated with this quartzite 
are sandstones and shales like those of the upper part of the series. In 
the river, and certainly below the horizon of the bottom quartzite of the 
Bijawars west of the Ken, there are two or more steady outcrops of pebbly 
sandstones, having the same low south-easterly dip as the adjoining Bija- 
war strata, but occurring in the midst of thick pseudo-crystalline gneissic 
rocks. It is important to notice these observations with a view to their veri- 
fication or correction, for these sandstones seem to have escaped the notice 
of the later observers, and they are important as fixing the affinities of the 
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associated gneissic strata with the transition series rather than with tht^ 
normal gneiss of Bundelkliand. Very similar rocks are found far to the east 
in an analogous position at the base of the transition series in Behar^ and 
again extensively in the Arivalii region, and the question arises as to 
whether we must not recognise in the great gneissic series some rocks that 
are not metamorphic in the full sense of the word, but are merely recon- 
solidated granitic or gneissic detritus. 

Proceeding from Bijiwar in a south-west direction obliquely across 
the plateau, where the Vindhyans are for the most part covered by the 
Deccan trap, we should strike the Narbadd about Handid, at the west end 
of the wide alluvial plain, 200 miles long, which, in India, is specially desig- 
nated as the Narbadd valley. West of Handid there is a considerable 
area occupied by transition and gneissic rocks. They abut on the west 
against the Vindhyan rocks of the Dhdr forest area, but appear again in 
the north of this area, and west of it about Bdrwai. These transition 
strata have been fiilly recognised by Mr. Mallet,^ as bottom Bijdwars, con- 
sisting of quartzite hornstone-breccia and chert-banded limestone, identical 
with those of Bunclelkhand. No associated trap rock was observed. 

These rocks are more disturbed here than in Bijdwar, but Mr, Mallet 
describes their relation to the gneiss as the same, the quartzite being 
often found quite flat and surrounded by vertical strata of the metamor- 
phics. It is only possible to question this view by supposing that what 
we take to be stratification in the metamorphics is a result of molecular 
forces acting on lines of cleavage. This possibility has been forcibly 
argued with reference to this very area, and is connected with the sugges- 
tion that the two series may be very closely allied, the gneiss being more 
or less a metamorphic condition of the Bijdwars. 

Upon the settlement of this question as to the relations between the 
metamorphic and transition series, it will depend whether the gneiss of 
the Dhdr forest should be affiliated to that of Bundelkhand, or to the sup- 
posed younger gneiss of Bengal. The composition of the Dhdr forest 
o-neiss is in favour of the former, as well as the relation stated to subsist 
between it and the Bijawars. 

Here, as so often elsewhere, a doubt occurs as to the intrusive charac- 
ter of the more granitoid varieties of the gneiss. Some hornblendic and 
earthy schists of this area, as above Mortaka where the Indore railway 
crosses the Narbadd, have been included .with the gneiss, but it may be 
questioned if they do not belong to a transition group older than the 
Bijdwars. 

In the lower Narbadd valley the Bijdwar formation has been recognised* 

sail ^ K;S 
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speGiri€a!ly identical w beds in the DliAr forest, near Bdgh and 

Jobat, the two localities being separated by 8o miles of Deccan trap. 

All the most characteristic rocks of the formation are well represeiited 
at Bagh, ^-"-quartzite, bornstone, breccia, and cherty limestone,— and here 
again interbedded trap occurs, though not found in the Dhdr forest area. 
Giay-slate, too, is more prominent, and sometimes becomes conglomeratic 
through the presence of pebbles, which are more or less drawn out in the 
direction of the cleavage planes. The town of Bagh stands near the 
south boundary of the small triangular area of Bijdwars, where it is covered 
by cretaceous rocks, the other two boundaries, with the gneissic rocks, 
being faulted. The area only extends 7 miles to the north-north-west, 
and 5 miles to the east of Bagh. The rocks are highly disturbed and 
cleaved, but the metamorphism is local and moderate. 

Jobat is about 15 miles west-north west of Bdgh, and stands at the 
southern point of another small patch of transition strata. The conditions 
are peculiar and puzzling. The only recognisable Bijdwar rock is a very 
typical one, a locally brecciated, ferruginous jasper, with veins of horn- 
stone. It lies almost horizontally, forming a low scarped plateau. Along 
the north-east border, south of Anthi, black and grey schistose slates ap- 
pear between the jasper and the metamorphics, the foliation and apparent 
bedding in the schistose slates and gneiss being parallel, with a high clip 
to the south-west. Both rocks are highly charged with vein-quartz, sug- 
gesting local crushing or faulting. 

These disturbed rocks were originally regarded as Bij;lwars and classed 
with the horizontal jasper beds. Mr, Bose has, however, described patches 
of slates, quartzites, and limestones, which are said to pass insensibly into 
the metamorphics, but are quite distinct from the horizontal jasper rock.^ 
In this case the latter alone can be regarded as Bijdwar, and this appears 
to be the more probable interpretation. 

Proceeding eastwards up the Narbadd valley from Handid, no rocks are 
exposed under the Vindhyan scarp, on the northern side for a distance of 
120 miles to where the Bijdwars form low hills in the Narsinghpur district 
The cherty limestone and breccia are the only becJs seen here, but this 
may be because the lower rocks are covered by alluvium, The o-neiss 
does not appear again on this side of the valley. 

Along the south side of the river, on the edge of the Gondwdna forma- 
tions of the Sdtpura hills, there are more frequent outcrops of the trans- 
ition rocks. The most westerly are near the Moran river, about 30 miles 
east of Hardd, where some narrow ribs of the cherty limestone protrude 
through the Deccan trap, which covers all the rocks to the west of this 
point* On this south side of the valley, the cherty limestone, generally 
3 Jiremoirs, VI, 303, (^§69). | 2 Memoirs, XXI, 13, (1SS4). 
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rnticli contorted and brecdated, is also the rock most frequeiitljr seen, but 
other beds do occurj as in the Bdri bill 15 miles east of Soh^pur, where 
a coosiderable thickness of trappoid and earthy rocks is exposed, the latter 
being so little altered as to be easily mistaken for the Talchir shales of the 
contiguous Goiidwina area. In many places on this south side of the 
valley giieissic rocks of doubtful character occur close to the Bijdwars, 
and the relation between the two series is certainly not simple superposi- 
tion, both being found at the same level in closely adjoining positions. 

At the head of the Narbadd valley in the north of the Jabalpur district, 
there is a continuous exposure of Bijdwar rocks between the Viiulhyan 
and Goiidwdna areas. All the leading characters of the system already 
noticed are represented here, with a greater development of the argillace- 
ous element Fine earthy slates of reddish tints are the lowest strata seen. 
Their upper beds are associated with the quartzite, which underlies the 
limestone and is intercalated with it, and the limestone itself is not so 
constantly cherty as has been described elsewhere. Ribboned jasper 
beds, passing locally into bluish quartzite, among which rich haematite 
beds are well developed above the limestone, and both jasper and quartz- 
ite are frequently brecciated. Locally conglomeratic, earthy schists are 
also freely associated with this band. 

Above the iron- band there is again a considerable thickness of earthy 
schists. Bedded trap occurs throughout the series. 

These rocks are not on the whole greatly disturbed. Low undulating 
dips prevail, although locally there is much contortion. The highly inclined 
planes, so general in the schists, are of cleavage, not stratification. The 
thickness of the whole series exposed cannot be great, probably it is under 
1,200 feet, and there is scarcely any presumption that the conformable 
slates beneath the limestone attain any great thickness. 

Notwithstanding these conditions the rocks are in an advanced state of 
metamorphism. The limestone is generally crystalline. The schists are 
often highly micaceous, hornbiendic, and garnetiferous, and the iron-ore is 
mostly the micaceous form of haematite. The section in the Narbada, at the 
well known marble rocks, 10 miles south-west of Jabalpur, exhibits the 
high degree of alteration and local disturbance to which the Bijawars have 
been subjected in this region. 

Immediately to the east of the flat watershed between the Son and the 
Narbadd the band of transition rocks is entirely concealed by an extensive 
spread of laterite and alluvium, and beyond this we get into the region 
of the lower Vindhyans, which stretch to the south of the scarp of the 
upper Vindbyan plateau until they nearly come into contact with the Gond- 
w^na deposits. After crossing the Son, however, the band of transition 
rocks again expands gradually to a width of 25 miles in the south of the 
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Mirz^par district, and it is lie re we encounter the question i¥hether one or 
two formations occur within this basin of transition rocks. 

The northern half (about 10 m wide) of the transition band, at a 
little west of the Rer river, is formed of regular Bijawar rocks, such as 
we have hitherto seen them— -quartzites, hornstooes, banded jasper and 
haematite, limestones and slates or schists, with an abundance of intercalated 
trap. The whole band strikes against, and under, the lower VindhyaB 
strata, where the Son takes a southerly bend opposite Agori. The south- 
ern half of the transition band, 15 miles wide, as exposed in the Rer, 
is entirely composed of fine slates, with intrusive trap only, the dykes 
being mostly transverse to the bedding. Both groups are so intensely 
crushed together that no decisive section of the junction has been found 
in the low jungle-covered hills. Mr. Mallet mentions an instance at Ubra, 
at the north end of the section in the Rer, where a quartzite of the 
northern set seems to cap a ridge of the slates, but the case is not clear 
and the question of the relation is quite open, except that it certainly is 
not one of horizontal transition, as the two contrasting deposits are in full 
force and character in close juxtaposition to each other. 

The western extension of the section into the Rewd country has 
been but imperfectly examined. The slates have already disappeared at 
the Gopat, and the northern band of true Bijdwars is in contact with the 
gneiss, in this region, where the Son takes a bend into the area of 
the transition rocks, there is a good instance of local metamorphism, 
the transition rocks along the lower Vindhyan boundary, distinctly re- 
cognisable as Rijdwars throughout the whole length between the Gopat 
and the Son at Marai, being in a gneissose condition and intrusive granitic 
rocks occur in them. The character of the contact of these beds with the 
main gneiss to the south is, however, of the kind described by Mr. Hacket 
north of Jabalpur, abrupt rather than transitional, but it is certain that they 
themselves are locally gneissic, and have been effected by granitic intrusions. 

if it were certain that this character of the contact of the BijAwars 
with the southern gneiss is constant and not due to faulting, and also 
that the gneiss of the Rer and the Gopat are the same, we could at once 
affirm the distinctness of two transition systems in this ground, for the junc- 
tion of the slates of the southern band with the main gneiss is perfectly 
transitional — a gradual alternating passage from the strong gneiss, through 
gneissose and other crystalline schists, into the fine clay-slate, as is well 
seen 111 the section in the Rer. But while doubts exist upon these two 
conditions, it must remain possible that these slates of the Rer are only 
a bottom member of the Bijawar system. 

East of the Rer and the Kan har several large inliers of gneiss and of 
granitoid rocks, of more or less intrusive character, occur within the slate 
area, and gneiss is the only rock seen below the Vindhyans at the KoeL 


TRANSITION ROCKS OF BEHAR. 


57 


Ohap. Ill-]: 

This encroachment of the crystallines upon the zone of the transition 
rocks is extended in Beliar^ where, for some miles north of the Grand Trunk 
Road west of Gaya, oneiss reaches quite across the strike of the slates. 
Several hills isolated on the alluvial plains in this neighbourhood are of 
thorough granite. 

Immediately east of Gayaj transition rocks appear again on the pro- 
longation of those in the Son valley, and having the same strike. They 
form several groups of hills in east Behar, known as the Maher, Rdj^griha 
(Rajgir), Shaikhpiira, Kharakpur, and Gidhaur hills, which stand clear 
of the main gneissic area and more or less isolated in the alluvial plains, 
and those of Mahdbar and Bbiaura on the northern margin of the gneissic 
upland. The aspect of all these hills at once shows that they must be 
formed of very different rocks from the Bijdwars of the west, and sug- 
gests also that all these Behar rocks belong to one system. They 
generally present scarped faces formed of massive quartzites on every 
side, the associated schists or slates appearing obscurely in the valleys. 
All the peculiar Bijilvvar rocks are wanting. There is no limestone, horn- 
stone, jaspideous ironstone, or bedded trap. The only similar rocks in the 
west are the slates of the Rer section, and there the quartzites, which 
form such a prominent part of the transition series of Behar, are absent. 

We have a somewhat detailed description of the Mah^ibar and Bhianx-a 
hillsby Mr, Mallet,^ and the relation of the gneiss and transition rock-series 
is shown to be very peculiar. The transition series here consists of three 
divisions, an upper, composed exclusively of strong quartzites as seen in 
Mahibar hill, a thick middle band, in which fine mica-schists largely pre- 
dominate and a basal member, in which quartzites again occur, sometimes 
in great force, as in the Bhiaura ridge, though they may be altogether 
wanting at no great distance. The frequent presence of these quartzites 
here is of great service, by removing the doubts that so often arise, as to 
whether planes of lamination in schistose rocks, of uniform composition, 
are due to bedding or to cleavage. 

It would be difficult to draw a more irregularly intricate line than tie 
transition and gneiss boundary on Mr. MalleBs map. Near the Bhiaura 
and Mah^bar ridges there is some approach to an average east and 
west strike of the boundary, but, as the plane of junction between the two 
series rises to the south, its line of outcrop meanders about in the most 
devious manner. This is not due, as might easily occur, to the irregular 
denudation of two deposits in flat parallel superposition. Here, as a rule, 
the lower (older) rock forms the prominences, between which the schists 
are deeply buried, yet the bedding in both rocks is found to follow 
* An abstract of it is published in Records^ VH, 36, (1874), 
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the intricate twistings thus produced, the actual junction being generally 
inclmed at a high angle. 

The boundary can always be fixed with precision, even in the absence 
of the bottom or Bhiaura quartzites, on account of the strong contrast be- 
tween the fine mica-schists and the coarse gneiss, yet the transition rock 
seems to have fully partaken in the metamorphic action, for it is a tho- 
roughly crystalline, garnetiferous mica-schist up to the base of the Mahcibar 
quartzites. Variations are found in the gneissic series at the contact. 
On the north side of the Bhiaura ridge the bottom quartzites lie steeply 
against the dome-gneiss, elsewhere schistose gneiss occurs at the boundary. 
The dykes and massive outbursts of pegmatitic granite of this region are 
principally exhibited in the transition series. 

A very close connection is thus established in this position, by conform- 
ity of stratification and by a common metamorphism, between the transition 
rocks of Behar and the gneiss in contact with them, and it is probable that 
a large part of the gneiss of Bengal is of the same age as that at the 
boundary of the transition series. There is, for instance, a very distinct 
outlier of the Mahibat schists and Bhiaura quartzites on the plateau just 
north of the Grand Trunk Road at Barhi, 30 miles to the south of the 
boundary in Behar. 

There can scarcely be a doubt that the rocks of the R^jigriha and other 
detached hills of Behar are of the same formation as those of Mahabar, 
and so the contrast of their mineral condition is interesting. The latter 
have undergone general crystalline metamorphism, the former have only 
very locally suffered this change, being for the most part still in slaty con- 
dition. Yet it would seem that they too are closely surrounded by crys- 
talline rocks, for whenever rock is exposed, through the alluvium near 
these hills, it proves to be granite. At one spot near Ghansura, on the 
north side of the Rajagriha range, there is a contact showing distinct in- 
trusion of granite into the soft earthy schists. It is an ordinary ternary 
granite, not like the pegmatitic granite of the Mahdbar region. In the 
immediate neighbourhood of Gay^ many forms of special metamorpliism 
and of contact-action are well exhibited. 

The amount of disturbance is rather greater in the detached hills, 
where the rocks are less metamorphic than in the Mahdbar region, and 
the very peculiar confused form of contortion, noticed in the surface 
of junction where the transition rocks rise against the gneiss to the south, 
is well exhibited throughout the formation, but in larger proportions 
in the top beds of the series. The Mahibar ridge itself is a typical instance 
of this structure. It is a long, narrow, synclinal ellipse, the quartzites dipping 
at a high angle all round, towards the centre, and curving continuously at 
each end of the axis. The Rdj%riha range contains a pair of such ellipses 
compressed together, the quartzites being for the most part quite vertical 
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along the sides* The Kharakpur hills, which form the largest of these 
groups, are a congeries of these discontinuous flexures, little or no regu- 
larity being observed in the direction of the axes of contortion. 

We have still to notice the rock underlying the quartzite in the small 
ridge of Shaikhpdra, and in the little hills a few miles to the east at 
Luckeeserai, the junction station for the chord and loop lines of the 
East Indian Railway. There can be little doubt that the quartzite of these 
localities is the bottom rock of the Behar transition series, the Bhiaura 
quartzite. In the Shaikhpura ridge it rests steeply against a rock having 
the texture of a thoroughly crystallised coarse granite, but completely 
decomposed. The relative position of the two rocks is precisely that of 
the Bhiaura quartzite and the dome-gneiss. Along a steady outcrop of 
some two miles long no feature of special intrusion was observed, and there 
is no extra metamorphism at this junction. The only contact-action that 
occurs is of secondary origin, in the formation of layers and vein-like 
strings of a sharply cellular quartz-rock much used for making hand-mills. 

This section is noticed in connection with a more decided one at Luckee- 
serai, only a few miles to the east on the same strike, where the quartzite 
again rests against an amorphous mass of pseudo-crystalline granitoid 
rock, of much less sharply defined texture than at Shaikhpura, in which 
strings of pebbles can be detected. This is underlaid by strong beds 
of coarse conglomerate, having the same dip as the overlying quartzite* 
The pebbles and boulders in this conglomerate are mostly sub-angular, 
and are exclusively of varieties of quartzite like those of the over- 
lying formation, none being of crystalline rocks. They often appear elon- 
gated in the direction of the foliation, and adhere firmly to the matrix, 
which is a quartzose, sub-gneissose schist. Just east of Dhararah station 
some masses of this rock protrude through the alluvium close to the base of 
the Kharakpur hills. Another outcrop of conglomeratic schist was observed 
under the east end of the Gidhaur range and dipping towards it. 

These Lukeeserai beds remind one forcibly of the pseudo-gneiss ob- 
served conformably underlying the Bij^wars in the section of the Ken river 
in Bundelkhand, and the suggestion revives, however slightly, the question 
of the possible correspondence of the transition groups in the two areas. 

There is another rock frequently found with the undulating gneissic 
rocks of Behar, and elsewhere in this zone or protruding from the alluvium 
near the hills, that suggests the same connection. It is a jaspideous quartz- 
ite, often brecciated, and not unlike the bottom Bijdwar rock of Bundel- 
khand and the Dbdr forest* It commonly has the same moderate dip as 
the rocks with which it occurs, .but, when vertical or crushed, it is readily 
mistaken for fault-rock or vein-stone. 

Suggestions of an opposite tendency can, however, be pointed out from 
observations recorded in preceding paragraphs. It was stated that the 
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contrasting groups of transition rocks in the northern and southern portions 
of the section in south Mirzipur cannot be, in any degree, representative 
of each other by horizontab transition, and the presumption would be 
strongly in favour of the southern beds— the slates of the Rer — 'being the 
older of the two. If the Behar rocks had to be affiliated to either of these 
exclusively, it would certainly be to the latter group. 

It has been already explained that the gneissic formations in lower 
Assam and the hills to the south are more closely allied to those of the 
peninsular region of India than to the metamorphic formations of the 
Himalaya. This relation holds also for the transition rocks, which are 
largely developed on the south side of the hills, where the sub-metamorphic 
beds are for the most part covered by the horizontal cretaceous rocks 
of the plateau, but are exposed in the deep ravines that penetrate to the 
very axis of the range. The lateral extension of these transition rocks 
has not been ascertained. On the central cross-section in the Khdsi country 
they stretch for 30 miles fronv near the south margin of the plateau to 
beyond the watershed north of Shillong, the culminating ridge with its sum- 
mit 6,450 feet high being formed of the quartzites of the transition series, 
which have hence been described as the Shillong series.^ 

These Shillong beds have a general resemblance to those in Behar. They 
consist of a strong band of quartzites overlying a mass of earthy schists. 
Great masses of granite and of basic trap rock also occur intrusively. The 
former may well represent the similar rock seen to be intrusive into the 
slaty schists of Rdj agriha, and the latter resembles certain trappoid rocks 
in Behar. Thus altogether the affinity is sufficiently marked to introduce 
the notice of the Shillong area in sequence with that of Behar. In the 
lofty and deeply eroded ground of the Assam hills the sections are much 
more favourable for study than on the alluvium -smothered plains, and some 
very puzzling observations have been recorded regarding the relations 
of the hypogene rocks to the Shillong series. 

The lithology of these Shillong rocks varies much, according to local 
conditions of metamorphism. In places the quartzites, generally very firm 
and more or less schistose, are quite friable and might be called sand- 
stones, but this state is probably due to decomposition, for the texture 
always reveals the effects of chemical change. It is coarser grained 
than is common in the Behar quartzites, and at the base, immediately over 
the slates or schists, there usually occurs a conglomerate, often of 
considerable thickness, made up chiefly of quartz pebbles, but with some 
rounded fragments of coloured quartzites. Still, so far as has been made 
out, the quartzite is conformable to the schists, but in troubled ground 
it is difficult to make sure of such a point. The schistose beds also exhibit 
^ H. B. Mcdllcott, MmoitSf YH, 197, (18O9). 
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much variety of texture, from ordinary ^ slate to well foliated schists 
and gneiss. These changes are simultaneous in both quartzites and 
schists, and it is noteworthy that the increase of nietaniorphisiii is towards 
the south, away from the area of the old gneiss. 

I he relation of the transition rocks to this gneiss has not been made 
out. On the only section of which we have critical observations, neatly 
due north and south through Shillong, the boundary with the gneiss occurs 
in the low jungle-covered hills, where observation is almost impossible. 
The dividing line between the two series crosses the high range to the 
west of our section, and it is there that the junction should be examined. 
The observation already noted, that the metamorphism increases to the 
south, would suggest that the junction of the schists with the main gneiss 
to the north may be lithologically abrupt. At the southern boundary there 
is a steep plane of contact between the highly altered transition rocks and 
the great accumulation of bedded eruptive rock, known as the Sylhet trap, 
supposed to correspond with that of the K^jmahli hills and, therefore, to be 
of jurassic age. The cretaceous sandstones lie evenly and unconformabiy 
on both formations. 

In the midst of the transition area there is an extensive exhibition of 
eruptive rock, of very different character from the Sylhet trap. It is a 
dense, massive, basic diorite or greenstone. The high road between Sura- 
lim and Mauphiong crosses this rock continuously for live miles in the 
gorges of the Kilap^ni and Bogapdni rivers. The direction of the road is 
oblique to the strike of the rocks, but at right angles to its outcrop the 
greenstone is fully a mile wide. It nowhere betrays any bedded structure, 
and its intrusive character is not so marked as might be expected with so 
extensive a display of igneous rock. There is, however, sufficient evidence 
of intrusion for this greenstone, as a well defined dyke passes from the 
main mass into the quartzite of the ridge, about half a mile south of 
Mauphiong. Elsewhere one may walk for miles along the junction of the 
two rocks without finding any signs of penetration of one by the other. 

The relation of the granite, or at least of the larger masses of the crys- 
talline rock, to the transition rocks, is also very puzzling. Two such 
masses adjoin the high road across the Kh^si hills. One is the MylHm (Molfm) 
area just south of the Shillong ridge, and close to the road between Mauph- 
iong and Shillong. The other area is much more difficult of approach, the 
granite being only exposed in the deep gorges under the sandstones of the 
plateau, as on both sides of Surarim. 

The rock is a thorough* granite. It commonly affects a spheroidal struc- 
ture, and it is composed of pale pink orthoclase, often in large crystals, a 
small proportion of very pale greenish oligoclase, a little dark-green or 
brown mica, and an abundance of disseminated hyaline quartz. There can 
be no question that these great granitic masses are of later origin than the 
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transition series, for the total want of symmetry in the arrangement of the 
surrounding sedinientary rocks forbids the supposition that they could have 
been deposited round the granite, yet the absence of any apparent con- 
nection between the form of the intrusive masses and the disturbance 
of the transition rocks is very difficult to understand. The quartzites (the 
upper member of the transition series) are generally found at the boundary, 
but their dip and strike are quite independent of the granite, as if their 
CQiitortions had been fully established before the granite was introduced, 
and remained quite unaffected by it. The facts seem totally to preclude 
the notions of fracture and compression commonly associated with the 
word intrusion. The supposition of the mass being faulted into position 
also lacks any corroborative evidence, the boundary lines are ail rounded 
and show no symptoms of Assuring. It is as if a great hole had beers 
burned out of the old stratified rocks and the crystalline mass let in, or as 
if the transition rocks had been converted into granite up to a certain 
boundary, without affecting the area beyond that line. Yet the junction 
is quite sharp, the quartzites not being more altered at the very contact 
with the granite than away from it. In keeping with all these negative 
characters is the fact that no dykes or veins of granite have been observed 
issuing from the great mass of Myllim, nor even in its neighbourhood. This 
is the more remarkable, because dykes and veins of similar granite are not 
uncommon in the southern part of the area, where the general metamor- 
phism of the transition series is so much greater as to suggest that the 
focus of hypogene activity lay in that direction, beyond the present southern 
limit of these formations. It is also in agreement with the facts and 
suggestions recorded to note that the granite is younger than the old 
dioritic Khdsi trap ; several small dykes of granite are seen ramifying 
through the diorite in the bed of the torrent east of Surarim. 

The gneissic uplands of Hazaribdgh and Chutid Ndgpur, about r2o miles 
wide, separate the transition rocks of Behar from those which occupy 
parts of Mdnbhum and Singbhum in south-west Bengal and stretch far to 
the west, the whole transition area being about 150 miles long from east to 
west, and 80 miles wide 

Although the total thickness of this series must be great, no distinct- 
ive zones are marked in it. From top to base it seems to be an indiscri- 
minate alternation of quartzite, quartzite sandstone, slate and shales, horn- 
blendic, micaceous, talcose, and chloritic schists, the latter passing into 
potstone, and some bedded trap. Well-preserved ripple marks are found in 
the slates and shales, and some of the latter are so little metamorphosed 
that they might be mistaken for Takhirs, but for the quartz veins that 
penetrate them. 

^ Memoirs^ XVllI, 73, 124, {iSSt}, 
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Some large iiiliers of gneiss occur within this basin of transitiGn rocks* 
Around some of these inliers the boundary is in its original condition, 
as at Chaibdsi, where shales and sandstones rest flatly and quite tin* 
changed upon the coarse gneiss of the principal inlier, and the uncon- 
formity of the two series is further proved in this case by the fact that 
the underlying gneiss is profusely traversed by trap dykes, which do not 
penetrate the overlying deposits. The boundary between the transition 
rocks and the main gneiss of Bengal on the north is said to be a fault, on 
account of the more or less continuous presence along it of a rib of vein- 
stone. This boundary occurs, however^ at the base of a long descending 
section of the transition rocks and the beds along the line of junction 
are such as elsewhere appear as bottom-beds of the transition series. 
There are besides outliers of the slate series beyond the supposed faulted 
boundary to the east, about Supur, and an inlier of gneiss a short distance 
inside it at Borobhum. We can at least conclude that the junction here, whe- 
ther faulted or not, is abrupt, that is to say, without any gradation of strati- 
graphical or mineralogical characters. In this part of the basin the maxi- 
mum of disturbance and of metamorphism seems to occur away from the 
boundaries. Further to the west, however, the junction of the slate and 
gneissic series is described as transitional, and granite veins penetrate the 
slates wdthout much affecting them. 

The most striking feature of this area is a mass of dioritic trap running 
continuously, but with varying width, nearly east and west, through the 
centre of the transition basin. Dalmd hill, 3,050 feet high, is formed of 
this rock, and here the outcrop is nearly 3 miles wide. The trap is de- 
scribed as a great dyke, but its composition is described as complex and 
obscurely bedded. A section north of Rdmgarh is given as — ^ 

1. Indurated chloritic schist. 5. Indurated chloritic schist. ^ 

2. Porphyritic trap. 6. Brecciated trap- 

3. Indurated chloritic schist. 7. Indurated chloritic schist. 

4. Compact and amygdaloidal trap. 8. Brecciated trap. 

Several other cases of similar variation were observed. The supposed 
dyke is found along the axis of a greatly compressed synclinal fold, and 
has evidently been subject to much crushing, the description is not 
such as one would expect in the case of a truly intrusive rock, and it is at 
least possible that it is composed of contemporaneous volcanic rocks 
whose structure has been obscured by disturbance. 

As in Southern India, these transition rocks carry metalliferous lodes 
of gold, silver, copper, lead, etc., but so far none of these have proved 
remunerative**-except to promoters of joint stock companies and a limited 
number of speculators in mining scrip. 

In Chutid Ndgpur a few exposures of quartzites and schist have been 

1 XV in, 80,(1881). 
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separated from the gneiss, and it is probable that more will be found 
when the gneissic area, intervening betw'een the patches of Gondwdna 
rocks, is more closely examined. Some of these patches are indicated on 
the map, but they do not exhibit sufficient peculiarity to require detailed 
notice. 


West of Rdipur, in the Central Provinces, is another stretch of trans- 
ition rocks, known as the Chilpi ghdt or Saletekri beds,* which have been 
but little examined. They consist of quartzites, dark green and buff slates, 
and shaly beds, coarse conglomerates and numerous beds of trap. They are 
for the mosc part much disturbed,* but sometimes lie at easy dips. The 
succession of the beds has not been worked out, and little more is known 
of them than their approximate boundary. 

To the south-east Dr. Ball found, on the eastern side of the plateau 
south of Tarnot ,2 some much disturbed shales, with subsidiary quartzites 
underlying the horizontal quartzites of the plateau. These very probably 
belong to the same series as the Chilpi ghdt beds, and on the accompanying 
map have been coloured as such. 


Turning to the north-west corner of the Peninsula the beds of the G walior 
system® are found, about 120 miles from the Bundelkhand outcrop of the 
Bijdwar system, resting upon the gneiss in precisely the same mechanical 
relation, horizontally or with a gentle slope. The denuded outcrops of the 
quartz reefs traversing the gneiss are in both cases covered by the bottom 
deposits of the overlying transition groups, but a slight difference is 
noticeable at the actual contact. The bottom layer of the Bijawars is 
commonly more or less adherent to the gneiss, the result of the partial 
metamorphism that the Bijlwars, even in Bundelkhand, have undergone, 
whereas in the Gwalior rocks the bottom contact-layer is still unaffected 
ill confact with the i^aeiss. 

■ O'., 


A general list of the rocks of the Gwalior formation would not suggest 
any separation from the Bijdwars. Each contains sandstone or quartzite, 
limestone, jasper, iron bands and bedded traps. The arrangement of 
these different strata is, however, markedly different in the two cases 
and the general facies of these two series does not suggest to the observer 
tliat they are representative. Still, the Gwaliors are more nearly allied by 
their mineral characters to the Bijdwars than to the lower Vindhyans, and 
on this account, on account of their relations to the slaty series ot the 


Ardvallis, and of the great unconformity which subsists between them and 
the upper Vindhyans, they are here classed with the transition rather 
than the cider paleozoic systems. 

^ The only published description will be seriesby Mr. C. A. Hacket in Records, lU v? 
found m Records. XVIIl, ,87, (.885). (1870; ; it is also mentioned in Mr. H.nckett 

rrWs. X, 173, (1877). J papaj the north-east Aravalli leviou, 

there is a short notice of the Gwalior Records, X,84, (1877). 
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The area occupied by the Gwalior system is only 50 miles long*, from 
east to west, and about 15 miles wide. It takes its name from the city 
of Gwalior, wdiich stands upon it, surrounding the famous fort built upon 
a scarped outlier of Vindhyan sandstone. The composition of the Gwalior 
formation is very mixed, and admits of only a twofold and very miequa! 
subdivision. There is constantly at the base a sandstone, or semi- 
quartzite, a fine-grained stone, pale grey in colour, regularly and thinly 
bedded, often conglomeratic at the base, called the Pdr sandstone, from 
a town 12 miles south-west of Gwalior. It varies from 20 to 200 feet in 
thickness, and is overlaid by about 2,000 feet of strata, consisting mainly oi 
thill, flaggy, silicious, ferruginous shales, copiously interbanded with 
hornstone and jasper, frequently of a brilliant red colour. Limestone, more 
or less cherty, occurs on two principal horizons in these shales, but not 
continuously, and there are two principal zones of a dense basic dioritic 
trap. All these upper beds amounting to about 2,000 feet in thickness, and 
constituting the bulk and the characteristic portion of the Gwalior forma- 
tion, have been distinguished from the Pdr sandstone as the MorAr group, 
the name being taken from the military station close to Gwalior. 

With the exception of some very local slips and crushing, the 
Gwalior rocks are undisturbed, having a steady, low, northerly inclination 
of only three to five degrees. The features of the area correspond 
with this arrangement of the rocks. There is a continuous broad 
plateau-range on the south, from 300 to 500 feet high, formed largely 
of the Par sandstone. On the w^est it is connected at right angles with 
the Vindhyan scarp, which lies at a slightly lower level, and it stretches 
thence eastwards to the Sind river, forming a steep scarp overlooking 
the gneissic area of lower Bundelkhand to the south. There are two 
other ranges on the north, parallel to the Pdr scarp, but they are much 
bf'oken by cross-drainage, the two longitudinal valleys between the three 
ridges being due to greater decomposition and erosion along the two 
outcrops of bedded trap. It is only at the west end, near the Vindhyan 
plateau, that these trappean bands are well exposed. 

The general easterly direction of the Pdr scarp is very steady up to 
the Sind river, but the line is much serrated by bays and headlands, in which 
the nature of the junction with the gneiss is well exhibited. At the most 
southerly points of the range the gneiss reaches to within a few feet of the 
summit, and is capped by only a few feet of sandstone, but the surface of 
the gneiss gradually slopes downwards in the valleys cut back to the north, 
and the thickness of the overlying Gwalior beds increases. This slope of 
the junction is largely due to the original form of the basin in which the 
beds of the Gwalior series were deposited, for close to the edge of the 
scarp the thickness of the P^r sandstone is small, near P&t only about 20 
feet, while on the north side of the range, wherever sections are exposed, 
as at Badhano, ten miles .south-east: of Mordr, the thickness is not, less 
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than 200 feet. No trace of an unconformity between the Par and Mor 4 r 
groups having been detected^ this thickening must be due to the form 
of the basin of deposition, and would seem to show that the present south- 
ern limit of the Gw^alior series represents very closely the original limit of 
.deposition of the Pdr sandstone. ■■■ . 

On the top of the Pir sandstone there occurs locally a compact 
calcareo-silicioiis bed that is worth noticing, because the peculiar corailoid 
■ forms it exposes by w^eathering were thought by , Dr, Stoliczka, to, be of 
organic., origin. V This rock is best seen just south of Bdra,. ,25 miles east 
by, south of Morir. 

■ The lower zone of , bedded trap is about 400 .feet from the base of the 
Mor^r group. There are two or more flows wdtli intervening shales 
well seen on both sides of the Indore road, , at from'. 6 to, lo miles south- 
west of. Gwalior. . , The Thickness of these flow's is .very, .various,. . Fro.m 
70 feet they thin out to,; nothing, - but'- they are probably nowhere absent 
on this horizon, obscure outcrops of' them having been observed at several 
places in the valley formed along their'strike to the east. , At some spots 
there is an appearance of the trap having burst up through the under- 
lying shales. Thus, in the stream' near, the Trunk Road north-west of 
Beia, there is a low section showing the shales and trapTn vertical con* 
tact, but otherwise the interstratification is unbroken. 

In conneGtion with this lo-wer zone of trap there occurs a rock that will 
again come under notice in the Cuddapah system, and also in the lower 
Vindhyans. It is a compact porcellanic rock, as sharply and regularly 
bedded as the associated jaspideous shales. Occasionally it is obscurely 
porphyritic, having small indeterminate crystals scattered through it. An 
analysis of a specimen from the G^valior beds gave a composition ap- 
proaching to that of orthoclase felspar.^ But there is no presumption 
that this porcellanic rock, or hornstone, which has more than once been 
described as volcanic, has any connection wnth volcanic activity, and its 
association here withtrappean beds of highly basic composition is probably 
quite fortuitous. 

The upper zone of trap is on a much larger scale. The ■whole plain 
of Mordr is underlaid by it, at least on the north side, and, if allowance 
5 s made for the small dip, the flow can hardly be less than 500 feet thick. 
It is admirably exposed in the iindercliff of the Vindliyan scarp in the fort 
hill and the promontories to the westward. In a small plateau about three 
miles to north-north-east of the fort it is overlaid horizontally bj? typical, 
rusty, jaspideous shales of the Gwalior series. Several detached hills 
ill the plain lying east by north of Morar are formed entirely of this 
massive trap. 

Limestone occurs principally on two horizons, in and above the lower 
irappean zone and, in the northern hills, above the great trap flow. In 
^Records, III, 35, (1870). | ^Records, III, 37, (1S70). 
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both positions it is very uncertain and discontinuoas. Within a space of 
100 yards a mass of limestone, more than 50 feet thick, is found to be 
totally replaced by ochreous shales. 

The iron ore, which is largely mined in the Gwalior systenij, is quite 
different from that found in the Bijiwars. The latter is a massive 
concretionary haematite irregularly concentrated in ferruginous earthy 
sandstones. The Gwalior ore is a fine wafer-like shale, composed of thin 
flakes of haematite with still thinner films of clay. It is a decomposed con- 
dition of the jaspideous shales, from which the amorphous silica has been 
dissolved out, leaving the iron ingredient in a very favourable state for 
mining and smelting. The conditions for this change seem only to have 
obtained near the base of the group, as the mines are in the shales a 
few feet over the Pdr sandstone. 

To the east and north the Gwalior system is covered by the great 
alluvial plains. On the west it passes under the upper Yindhyans, and two 
inliers, exposed by the removal of these covering rocks, are crossed by 
the Trunk Road. The only specific identification of the Gwalior beds 
beyond this area is at the nearest point on the opposite side of this 
northern extension of the Vindhyan basin, 70 miles to the north-west of 
Gwalior. At Hindaun there is a narrow ridge of banded jasper and fer- 
ruginous shales, which Mr. Hacket considers to be indubitable Gwaliorsk 
The Gwaliors at Hindaun are more or less vertical, and in contact with 
them, but not conformably, are some quartzite sandstone and red and 
black slaty shales, with irregular bands of limestone, which will be again 
referred to when dealing with the Delhi system. 

The antiquity of these rocks is shown not only by this section at 
Hindaun, but by the very extensive denudation they had undergone pre- 



Fig. 4. Section showing the relation bet\\een the Gwalior and Vindhyan systems at 
the jonction of the Par and Vindhyan scarps. Ks. Kaimur sandstone. Kc. 
Kaimar conglomerate. G. Gwalior beds. C. Bundelkhand gneiss. 

vious to the deposition of the upper Vindhyan sandstones. At the we^stem 
end of the Fir scarp, the Kiimur sandstones and conglomerate are de- 
posited against a scarped face of Par sandstone and rest on the gneiss at 
a lower level than the base of the Gwaliors close by 

The Ar^valli system was formerly taken to comprise all the transition 
^ in, 40, (iS/O) ; X. 9P> (1877). ,i VII, 58, (iSop). , 
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beds of tlie Arivalli range, incltiding those belonging to what we will now 
distinguisli as the Delhi systeml Little can be said of the petrography or 
of the relations of the Ardvalli system, as limited by the exclusion of these 
newer beds, and even the validity of the separation is in doubt Mr. 
Hacket was inclined to believe ^ that the schists of the Ar^vallis were 
merely the metamorphosed equivalents of the lower portion of his Delhi 
system, but the disproportion, in thickness as well as in metamorphism, 
between the beds of the great schist area of the Ar^vallis and the much 
smaller thickness of slates and limestone, which alone can be iiicludec! 
W'lth certainty in the Delhi system, renders this doubtful. IMoreover he has 
recorded some observations, noticed below, which point to an uncooform- 
able break between the two systems. 

Accepting the validity of a distinct Arivalli system of transition age, it 
may be described as consisting of quartzites and limestones, often con- 
taining coGcoIite/hornblendic and mica schists, abounding in crystals of 
andalusitej staurotide and garnet, and felspathic schists and gneisses. 

The contact of the schists and gneiss shows a gradual transition^, both in 
the centre of the range, and where they are in contact with the granitoid 
gneiss of Dhariawad and near Chitor, which has been regarded as belonging 
to the Bundelkhand or older gneiss series This transition is in part appa- 
rent, and due to the true gneiss not having everj^where been distinguished 
from gnelssose forms of intrusive granite, but is not improbably to some 
extent real. 

The relation of the Ar^valU schists to the Delhi system is somewhat 
doubtful ; where the lower beds of the latter have undergone metamor- 
phism they are difjfieult to distinguish, and it is probable that in those sec- 
tions which appear to show a passage between the two, The break occurs 
between beds which it is difficult to distinguish from each other. This is 
rendered probable by the unmistakable unconformity which is shown by 
some sections, such as the one near Nitbahar, where the Alwar quartzites 
rest upon the edges of nearly vertical argillaceous and quartz schists, and 
in the hills south of the Basi railway station, where a thick band of coarse- 
conglomerate occurs at the base of the Alwar quartzites immediately above 
w^hat were regarded as beds belonging to the Raialo group. ^ 

East and south-east of Udaipur^ in the heart of the range^ conglomer- 
ates, containing numerous boulders and pebbles of quartzite in a schistose 
quartzite matrix, occur close to ridges of quartzite, which were regarded as 
of Alwar age^L The position of these conglomerates is not very well 
established. The nature of the boulders they contain would lead one to 
suppose that they were of later date than the quartzites of the ridge close 
by, but their position would indicate that they came between the quartzites 
and tile adjoining older schists. 


* Manual^ ist ed,, p. 49, 

® C. A. Hacket, MS. Report, 1886. 

^C. A. Hackefc, Records^ XIV, 282, 


(i88i), MSS. Reports, 

4 Records X, 86, (1877); XU, 4, (1879). 
® C.- A. Hacket, MS. Report, iSSs. 
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Thesesectioiis appear to 'leave but little' ' room for doubting, that aii 
unconformable break exists, and for this reason it appears advisable to 
recognise the existence of a distinct system of schists and slaty beds, 
underlying and older than the Delhi system, though it is impossible to 
attempt any subdivision or detailed description of them. 

Beds of compact silicious rock and jasper, slightly resembling those of 
the Gwalior system, are recorded as occurring in the Raialo group in 
Shaikhiwati, near Chenpura, north-east of the Basi railway station, and 
near Muhammadpur, south of Kherly railway station. At the time the 
observations were made the term Raialo covered all the beds below the 
Alwar quartzite, except the gneiss, and it is consequently uncertain 
whether these beds belong to the Delhi system or not, but the occurrence 
of jasper pebbles in the conglomerates of the Alwar group makes it prob- 
able that they should be referred to the Arivalli system, as here restricted. 

In the central part of the Aravalli range the Ardvalli schists are profusely 
penetrated by granite veins, and have in consequence undergone great 
metaniorphism. But west of Udaipur there is an area where granite 
is wanting, and the beds are almost as unaltered as the slates and lime- 
stones below the Alwar quartzite, west and south of Nimacln This was 
considered to be an indication that the last-mentioned beds were repre- 
sented in a more metamorphosed condition by the Ardvalli schists, but it is 
equally possible, and 011 the whole more probable, that tliey are an outlier 
of the newer beds or, belonging to the older system, have locally escaped 
metamorphism. 

The rocks of the Delhi system extend, in a number of isolated out- 
crops of varying size, from Delhi to beyond Kimach, a distance of about 
340 miles from north-north-east to south-south* west, and for a width 
of about 150 miles in a direction transverse to this. The name applied to 
the system by Mr. Racket in 1881^ has proved an unfortunate one, as it 
is but ill exposed near Delhi, and we must look to the hills near Biana, and 
those of Mandsaur and the neighbourhood of Nimach, for the typical sec- 
tions. It is, however, the name which has been used on the maps and in the 
publications of the Survey, and a change would lead to greater incon- 
venience than its retention. 

The beds comprised in the system consist of a lower group of slates and 
limestones, and an upper, very much thicker, group of quartzites, known 
as the Alwar quartzites. The lower group was, in the first instance, 
named the Raialo, but as this name has subsequently been applied to ail 
the beds below the Alwar quartzites, including those which there seems 
good reason for separating as an independent system, its use will be 
abandoned here. 

* XIV, 281, (i88ih 
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Tlie Alwar quartzites may be described generally as well-bedded 
quart :ites, of light grey colour and fine grain, in whicli ripple markings and 
siin*cracks on the surface of the beds are common. Coarse grained beds 
are of frequent occurrence, and slaty bands are met with, arkose is often 
found near the base of the group where it rests on gneiss or granite, and 
the earlier part of the period during which it was formed appears to have 
witnessed an outburst of volcanic activity. 

Ill the Biana hills the Alwar quartzites have been divided into five 
groups as follows : — ^ 

5. Wer quartzit-cs and conglomerates. 

4 Damdama quartzites and conglomerates. 

3. Biana white quartzite and conglomerate. 

2. Badalgarh quartzite and shale. 

1. Nilhahar quartzites and bedded traps. 

These groups are all separated by slight unconformities of denudation 
and overlap, but the distinctions appear to be quite local, for, even in the 
Biilna hills, they are distinguishable on some sections, while in other 
outcrops it has been impossible to recognise them. All the groups vary 
very much in thickness, and are completely overlapped near Nithahar by 
the Wer quartzites, w’hich rest directly on the schists. 

West and south of Nfinach® a very similar succession of beds is seen, 
consisting at the base of a conglomeratic sandstone, overlaid by about 200 
feet of shales and limestone, and capped by a varying thickness of quartz- 
ite. The beds are very little disturbed and the exposures are completely 
isolated, but, northwards of Sadri, there are exposures of highly disturbed 
quartzite which, forming a series of ridges running northwards, can be cor- 
related with the beds of Mandsaur and Sadri on the south, and those of the 
Bidna and Alwar hills and Delhi on the north. The identification depends 
partly on the observed relation of the quartzites to the older rocks, partly 
on the similarity of lithological character, a perfectly justifiable method over 
such short intervals as we are dealing with, and is helped out by the frequent 
occurrence of beds of contemporaneous trap in the lower part of the series, 
though these have not as yet been subjected to a critical examination. 

The relation of this system to the gneiss west of Nimach; and to the 
schists of the Ardvalli system, as now restricted, is one of complete un- 
conformity, there being usually a conglomerate at or near the base of the 
section, in which pebbles of the underlying gneiss are stated to occur near 
Daulapdni. In the ridges north of Sadri the same unconformity has been 
observed, and a similar unconformable eootact, accompanied by a basal 
conglomerate, has been observed near Nithahar where the quartzites rest 
on vertical schists, near Taira south of Alwar where they rest on granitoid 
gneiss and contain gneiss pebbles, and at Marot, north of the Simbhar 
salt lake, where the bottom beds of the quartzite, conglomeratic with rolled 

Rt'cordS;i'K^B6, (1S77). I ^ Records^ XIV, 293, (iS8i)« 
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and suLanguIar fragments of quartz and felspar, rest oil micasehists peue- 
trated with granite intrusions*. 

In the Nimach area the lower slates and limestones of this system rest 
iincooformably on the gneiss, but no case of unconforinity with the Aravaiii 
beds appears to have been recorded. The complete overlao of the slates 
by the quartzites which are conformable to them is, however, in itself an 
ample proof of the unconformity of the Delhi system to the underlying 
rocks.' , 

The central sections of the Ardvalli exhibit an apparent passage of the 
quartzites into the gneiss, one section in particular being mentioned, where 
alternating mica schists and gneissose beds are overlaid by schists and 
quartzites, then a two-foot band of gneiss, capped by the Afwar quartz- 
itesl In these cases it is probable that a gneissose granite, intrusive 
along the bedding planes, has been described as a gneiss, or the so-called 
gneiss may be merely a metamorphosed arkose, in neither of which cases 
would there be any proof of a transition between the true gneiss and the 
Ahvar quartzites. 

In the hills near Htndaim quartzite sandstone, associated with red and 
black slaty shales and irregular bands of limestone, occurs in close proximity 
to the jasper beds which are considered to belong to the G walior system.^ 
No actual contact is seen, but the distribution of the two types of rock 
leaves no room for doubting that the quartzites and slaty shales are the 
newer of the two. In spite of their likeness to the beds of the Delhi system, 
and the absence of anything at all resembling them among the Vindhyans, 
they were referred to the latter system'^. This reference appears to have 
been due to the supposed difficulty of finding time for the deposition of alt 
the transition beds of the Ardvalii range, and their subsequent disturbance, 
between the close of the Gwalior period and the commencement of the 
Vindhyan, the beds of both these systems being almost undisturbed, The 
difficulty regarding the time required for the deposition of the transition 
beds vanishes if we recognise two distinct systems in the Ar^vallis, the 
older of which may be contemporaneous with, or older than, the Givaliors, 
while the newer is younger; and as regards the disturbance, we will find 
when we come to deal with the extra-peninsular mountain ranges, that 
an intense and extensive disturbance of the strata has taken place during 
the tertiary period, and even within the latter half of it. The time required 
for the disturbance of the Ardvallis may consequently be reduced to a 
very short period, geologically speaking, and if the suggestion,*^ that the 
Vindhyans bear much the same relation to the AravalH range that the 
deposits of the lodo-Gangetic plain do to the Himalayas, is correct, the 


1 Pfcords, XIV. 294, 296, 298, (1881). 

2 Records, XIV, 297, (1881). 

3 Records, X, 90, (1877) ; Supra, p. 67. 


* Manual, ist edition, p. 52. 
^ Infra, p, 104. 
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diiturbance would not be anterior to, but contemporaneous with, the 
deposition of the Vindhyao beds. 

Under these circumstances the correlation subsequently adopted,^ which 
classed the quartzites of Hindaun with those of the Alwar group, seems the 
most probable one, and we have the Delhi system established as newer than 
the Gwaliors. This conclusion is supported by the occurrence of pebbles 
of jasper, closely resembling that of the Gwalior system, in the lower 
beds of the Alwar quartzites, north of Dhaulapani and in the Bidna hills. 

Before leaving this system we must notice a peculiar form which the 
quartzite locally assumes at Kalidna, near Dddri, in Jiod. The rock is here 
extensively quarried for millstones, and in some of the quarries it has become 
locally converted into what is known as itacolumite, or flexible sandstone. 
The quartzite in its natural form is glassy, and the individual grains of 
sand have become coated with an outgrowth of secondary quartz, giving 
them an irregular outline when seen in section. Generally the rock appears 
to withstand weathering extremely well, and is as hard and glassy a few 
inches from the surface, as in the depths of the quarries; locally, however, 
decomposition has been able to penetrate into the rock, and it has wea- 
thered into a mass of very irregular-shaped aggregates of quartz grains, 
held together by the interlocking of their irregularities, but capable of a 
certain amount of freedom of movement over each other. There is 
nothing to show why this peculiar form of weathering should have taken 
place in some places, and not in others. It is not confined to particular 
beds, nor is it continuous for many feet along the strike in the same bed^ 

Far to the north west of the termination of the Ar^vallis, after a wide 
interval of plains traversed by the Sutlej and the Ravi, some hills occur on 
the sides of the Chenab at Chiiiiot and Kirdna. These hills are only 40 
miles distant from the Salt-range, but the rocks are totally different from 
any that occur there, and correspond well with those seen in the Arivalli 
range. They consist of strong quartzites with associated clay slates, form- 
ing steep ridges with a north-east to south-west strike. The highest 
summit is stated by Dr. Fleming to be 957 feet above the plain. The 
rocks seem, from the uncertain observations given of them, to be in a 
less metamorphic state than those nearest them to the south east, a fact 
which agrees "With their remoteness from what is presumably the centre 
of disturbance of the region. The oldest rocks of the Salt-range are pro- 
bably, from their contrasting petrological conditions, very much younorer 
than the strata of Kirina, and, as the former are at least Cambrian, we thus 
obtain a small hint of the age of these transition deposits. 

’ C. A. Hacket, XIY, 2S8, (j88i). H, B. Medlicott, Records, VII, (187-1)- 

® C. A. Hacket, Records, XIV, 285, (1881) ; R. D. Oldham, Records, XXH, 53, (i8S9)7 ’ 


champAner beds. 


73 


;0!iai).:nL 3, 

East of Baroda,at the south-west extremity of the Ardvaili regioiij there 
is an outcrop of rocks which must be referred to one of the transition 
formations. It extends some twenty miles east from the Pawagarh hill^ for 
eight miles south from Champiner, and to a considerable but unknown dis- 
tance to the north. The beds of this exposure, while resembling those of 
the Bijdwar system in general character and state of metamorphism, do not 
contain any of its characteristic rocks, while the most remarkable rock 
of the exposure is wanting in the Bijdvvars. For this reason it Is not 
possible to refer them to the latter system. So far as can be judged from 
the description, they are more like the rocks of the Delhi system, but it is 
impossible to definitely refer them to it, owing to the long stretch of 
unexplored ground that separates the two. Under these circumstances it 
w'ill be best to treat them under the name of Champdner, from the capital 
of the old Mahomedan kingdom of Gujardt, which stands upon tlieir 
margin. 

The principal constituent of the Champaner beds is a quartzite or 
quartzite sandstone, the other beds being conglomerates, slates, and lime- 
stones, with occasional ferruginous bands. The conglomerates are the 
most distinctive beds of the Champaner area ; the matrix is a coarse, gritty 
sandstone, containing pebbles and boulders, often a foot in diameter, and 
occasionally ranging to three feet, consisting of granite, quartzite, talcose 
slate, and crystalline limestone, but none of typically Bijawar rocks. 
Cleavage, which is well developed in ail the beds which are susceptible of 
it, is occasionally seen in the pebbles of the conglomerate, but is rarely 
distinguishable in the matrix. 

The passage from the Champiner beds to the gneiss appears to be 
gradual, so much so that it is frequently almost impossible to determine 
W'here the boundary should be drawn. Within the tract occupied by the 
metamorphics, quartzites are found, and a true conglomerate, containing 
rolled fragments of quartzite and very similar to that of the Champaner 
beds, is found among the gneiss west of Jambughora. This area has not 
as yet been subjected to a close examination, and it is impossible to say 
whether the apparent transition is areal one, or the result of the intense 
disturbance which both the metamorphics and the Champaner beds have 
undergone,^ 


In the south and south-eastern portion of the country west of the 
Aravalli range there is a series of very ancient eruptive rocks, named after 
the Malani district of the Jodhpur state. They consist principally of very 
silicious felsites, so hard that they are not scratched by quartz, and have 


^ The description in the text is based on that 
of Di*. W. T. Blanford, MemoifSt Vi, .202, 
(3:869) Mr. R. B. Foote, in a letter received 


as this work is going through the press con* ; rather than the transition systems, 


siders that the Champaner beds, by their 
minerai character and degree of metamor- 
phism should be referred to the Cuddapah 
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frequently the appearance and texture of jasper. They vary greatly in 
colour, from black or dark-brown to pink, blue, or white, the dark-coloured 
rock being always hard and undecomposed, whilst the light-coloured varie- 
ties are softer and appear to be altered. The most constant character 
is the presence of small crystals of felspar, usually of a pink or red colour, 
in addition to which small grains of transparent silica are frequently 
disseminated throughout the rockk Their extremely silicious nature may 
be due to alteration, but their porphyritic character, and the occasional 
occurrence of ash beds, sufficiently attest their volcanic origin. 

In places diorite was found associated with these rocks, and in some 
of the hills west of Balmer coarsely crystalline granitoid syenite and peg- 
matite are intercalated in large masses with the porphyritic felsites. True 
granite may occur, but in the few hills examined mica was absent, al- 
though the character of the rock was distinctly granitic. The presence of 
similar granitoid rocks elsewhere is rendered probable by the occurrence 
of pebbles and boulders in some of the later formations. 

The Maldni rocks must be very ancient, but no idea can be formed of 
their geological position, as they are nowhere associated with rocks of 
known age, except where underlying beds of comparatively recent date, 
and nothing resembling them appears hitherto to have been detected 
elsewhere in India. 

They have been regarded^ as of low^er Vindhyan age, since they occur 
undisturbed in close proximity to the highly disturbed slates and schists 
of the Ardvallis. They have not as yet been found in actual contact with 
the older rocks, but small hills of both are found standing up from the 
recent alluvium and irregularly interspersed with each other. On the 
other hand, nothing at all resembling the Maldni felsites has as yet been 
found in the lower Vindhyans east of the Ardvallis. The general type is 
that of a much more ancient rock, and felsites, closely resembling those of 
Jodhpur except that they are not porphyritic, are found in the Toshdm 
hill®, dipping at high angles with the older beds of the Ardvalli range. 
Besides this, the unconformity between them and the overlying sand- 
stones, which are regarded as upper Vindhyans, is most marked, con- 
trasting with the very much less pronounced unconformity between the lower 
and upper Vindhyans of the typical area. The correlation of the sand- 
stones with the upper Vindhyans is, however, conjectural, and if they 
belong to the uppermost members of the system, this unconformity would 
not be inconsistent with a lowermost Vindhyan age for the Malanis. The 
age of these last must remain doubtful for the present, but they appear 

to belong to the transition rather than the Vindhyan rocks. 

I Y' (1877)- I ® C. A. McMahon, Records, XIX, 164, (1886}, 

Records, XIV, 303, (1881). 1 , . >•«<./ 
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Reference has just been made as to the doubtful propriety of classing 
the beds the transition systems and a similar doubt may 

almost be expressed with regard to tlie Gwalior and Delhi systems. The 
former of these finds its nearest analogue, as regards both mineral com- 
position and degree of induration, in the Cuddapah syrtem of Southern 
India, and Mr. Footers suggestion that the equivalents of the Champinier 
beds must be looked for among the Cuddapah rather than the Dhdrwdr 
deposits of Southern India has been referred to.^ As will be noticed in the 
next chapter, there are grounds for questioning whether the Guddapah 
system should not be classed with these, among the newer of thetransition 
systems, rather than with the Vindhyans. However this may be, there 
seem good reasons for accepting the Delhi and Gwalior systems as the 
newest of those described above. Next after them would ccme the Bijawar 
and Behar systems, the latter being the older of the two, and finally the 
transition rocks of south-west Bengal and the Dhdrwdrs of Southern 
India, the last cf these being marked out as the oldest by the greater 
degree of disturbance and metaniorphism it has undergone, as well as by 
the manner in which the eroded edges of its upturned and metamor- 
phosed strata are covered by the nearly horizontal basement beds of the 
Cuddapah system. 

There can be little doubt that rocks corresponding to the transition 
systems will be found extensively developed in the extra-peninsular 
mountain ranges, but as yet these have not been sufficiently explored to 
allow of their separation as distinct rock series, except in a few isolated 
localities. 

In Hundes and Spiti Mr. Griesbach has separated, under che name of 
Vaikrita^, a series of beds which overlie the granitic gneiss. It is described 
as of great thickness, varying much in lithological composition, composed 
principally of micaceous schists, talcose rocks, phyllites and gneiss. The 
beds are now found occupying the cores of highly compressed synclinal 
folds, ihe crests of the intervening anticlinals having been denuded away 
till there is now an apparently continuous succession of strata across the 
folds. 

Somewhat similar schistose beds occupy large areas in the central part 
of the range, and appear to extend far towards its southern margin in 
Nep^l^. 

In the Ddrjiling district Mr. Mallet has described a series of beds, said 
to be transitional with the gneiss, under the name of the Baling series. 

p. 73. foot-note. . 1 pbos«d, iff XXIII, 41, (1S9X). 

2 Said to be the Sanskrit for metamor- j ® Records, VIII, 93, (1S75). 
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They consist of light green, slightly greasy, slates, sometimes interbanded 
with a dark greenish grey kind, passing insensibly into ordinary clay slates 
and more or less earthy or silvery according to the degree of alteration 
they have undergone. There are also bands of quartzite and quartz flags^ 
occasionally some hornblende schist, sometimes slightly calcareous and 
passing into an impure dolomite containing crystals of actinolite. This 
is, however, a rare and exceptional rock, the most prominent lithological 
distmctioiis between these and the succeeding Baxa series being the almost 
complete absence of lime and the rarity of the brilliantly-coloured alterna- 
tions of slates.^ 

The distribution of these beds is peculiar, and led to an erroneous idea 
of their position being formed in the first instance. They occur along the 
outer (southern) edge of the gneissic masses of DArjiiing and Daliiig, in 
the valley of the combined TistA and Ranj it rivers. They separate these two 
areas of gneiss and extend on the northern side up each of the valleys^ 
dipping inwards towards the gneiss on all sides, and the junction is de- 
scribed as transitional, except for a portion of the boundary north of DArjil- 
ing, which is faulted. On the south the apparent passage is somewhat 
rapid, but on the inner sections the Dalings are more metamorphosed, and 
the distinction betw'een them and the gneiss more difficult to draw. The 
form of the outcrop and the direction of the dips combine to convey the 
impression that the Darjiling gneiss lies in the centre of a synclinal and is 
newer than the Daling series. 

At the time the description was written a belief in the possibility of 
regional metamorplusm, that is to say, of ordinary sedimentary rocks 
being converted, within a moderate distance, into true schists and gneisses, 
was still held by many geologists, but the whole tendency of recent 
investigations has been adverse to this opinion, and the opinion now 
prevalent is that of two contiguous series of beds the one which exhibits 
the greatest degree of metamorphism is primd facie older. Added 
to this, the apparent dip of newer beds under older is a common feature 
of Himalayan sections, and when we find that the apparent relation of the 
gneiss to the Dalings is the same as of these to the Damudas, and again 
of the Damudas to the tertiaries, it is impossible to escape the belief that 
the true sequence is the reverse of the apparent one. 

J Memoirs^ XI, 40, (18741. 
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OLDER PAL.(E:OZOiC (CUDDAPAH AND VINDHYAN) 
SYSTEMS OF THE PENINSULA. 

Older palaeozoic rocks —Reason for adopting the natne—SouTHEKN India— Cuddapah system 
— Cuddapah area — Kaladgi area— Karnul series— Cuddapah area— Bhinia area— Goddvafi 
valley— Pakhal series — Penganga beds— Chhatisgarh—Sullavai series— Central India — 
Lower Vindhyans — Upper Vindhyans — Relation of upper Vindbyans to the i\raYa!Ii 
range — Vindhyans west of the Aravalii — Source of the diamond — Relative ages of the 
rock systems described. 

In dealing with the newer group of systems, intervening between the 
gneiss and the lowermost fossiliferous beds of the Peninsula, we are met 
by the same difficulty as with the transition systems, ^ — the absence of 
any fossil evidence by which we can judge of the true position of the beds. 
In this case the absence of fossils is the more extraordinary as many of the 
strata appear well adapted for the preservation of organic remains and 
have undergone no disturbance which could account for their subsequent 
obliteration. 

The selection of a general name for the beds described in this chapter 
is a difficult task. Omitting purely local names, they have been classed as 
upper transition, azoic, or Vindhyan, but none of these are completely satis- 
factory and the best course to pursue will be to take into consideration the 
strongly marked unconformity that exists between the newest of them and 
overlying beds, of upper palaeozoic age, together with their general litho- 
logical character, and class them as older palaeozoic. This much we know, 
that they must be considerably older than permian, but it is as impossible 
to decide whether some of the oldest may not be precambrian, as to 
determine whether they may not to some extent be contemporaneous 
with part of those classed with the transition systems. 

The older palaeozoic strata, as defined here, are principally developed 
in two separate areas, one in the Madras presidency, the other in 
central India. There are besides a number of exposures in the Godavari 
and Mahinadi valleys in which the beds are not so well exposed and have 
been less studied than in the two principal areas. 

There can be no doubt that the oldest rocks of this group of systems 
are those that have been described as the Cuddapah system in Madras, 
and they will consequently stand first for notice here. 
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The rocks of the Cuddapah system occupy a large area about the 
middle of the east side of the Peninsula, where the coast line bends from 
a northerly to a north-easterly direction. This feature is probably con- 
nected with the form of the Cuddapah basin, which is of a roughly 
crescent shape, convex to the west. The north-east horn of the crescent 
is known as the Pained, and reaches to Jaggayyapet, a few miles north 
of the Kistoa river; the southern termination at Tirupati (Tripetty) hill 
is 30 miles north-west of Madras, or only 18 if measured to the outlier at 
Ndgari Nose. The town of Cuddapah stands in a south-central position 
near the Penner river, Karnul is on the northern edge and, further south, 
Gooty is just outside the western border, at its centre. The length of the 
basin is about 210 miles and its width 95, the area being nearly 13,500 
square miles. 

The eastern edge of the basin constitutes a well-defined segment of 
that vaguely expressed general feature known as the Eastern Ghats. 
The actual face of the highlands is locally known as the Yellakonda 
ridge. It is a flanking member of the Nallamalai range, which is formed 
by a belt of contortion of the Cuddapah rocks along this side of their basin. 
Between the hills and the sea there is a zone of low country, formed of 
metamorphic rocks and alluvium, about 50 miles wide, constituting the 
plains of the Carnatic, or Payan Ghat (country below the Ghats,, in the 
Guntur, Nellore, and North Arcot districts. The elevation of this ground 
at the base of the hills is under 200 feet, the crest of the Yellakonda rising 
to about 1,000, and the summits of the Nallamalai 103,500. The centre of 
the Cuddapah basin is occupied by the broad valley of the Kundair, the 
rocks rising again to form a steep range along the western margin of 
the basin, 2,000 feet above the sea and overlooking the gneissic upland 
of Mysore and Bellary, the elevation of whicli near the range varies 
from 800 to 1,800 feet. The Madras railway enters the basin at Gooty 
and leaves it at the southern point of the crescent, while the Kistna 
river adopts a very similar course in the northern limb. The watershed 
of the basin lies far to the north, and the Penner receives most of the 
drainage. 

More than a third of the area, within the boundaries indicated, is taken 
up by the overlying Karnul series, which occupies all the low ground of 
the Kundair valley in the middle of the basin and another large space 
in the Palnad« 

The Cuddapah formation has been divided into the following groups^ 

I Quartzites (Srishalam). 

Kistna group, 2,000 feet . . . . -3 Slates (Kolamnala). 

( Quartzites ( I rlakonda). 

11 1 « r , f Slates (Cumbum). 

Nallamalai group, 3400 feet . . • (Bairenkonda). 

^ Memoirs, VI 11, 126, (1S72). 
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Cheyair group, 10,500 feet , 
Papaghni group, 4,500 feet 


f Slates (Pu Ham pet). 

I Quartzites (Nagari). 
f Slates (Vempalii). 

( Quartzites .(Gulclieru). 


The groups are all more or less unconformable to each others and all in 
turn overlap the others and rest directly on the gneiss, but there is so 
marked a unity of character running through all that it is necessary to 
regard them as a single system. 

The distribution of these groups relieves us in some measure of the 
enormous aggregate thickness of 20,000 feet given in the list. Although 
the succession may be taken strictly in order of time, it is scarcely to be 


supposed that there was ever at one spot a continuous superposition of 
these strata to the extent of their aggregate thickness. Even within the 
present rock-basin, which must be taken as only a part of the area of deposi- 
tion, the groups are local and discontinuous, each in turn overlapping the 
one below it and resting on the gneiss. In each case, however, there is 
more or less of denudation-unconformity, as well as overlap, so that the 
groups are much more than mere horizons of variation in deposition. 

The original characters of deposition, and the induced characters of 
disturbance, are closely related to the actual boundaries of the field. All 
round the western boundary the junction is natural, and the deposits 
rest as originally laid down upon the gneiss, the strata having undergone 
comparatively little disturbance. On the east side of the basin, on the 
contrary, there has been much contortion of the strata, the boundary is 
represented as faulted and the beds often inverted. The lower groups 
are found to the south-west, and are gradually overlapped to the north 
and east. 


In each of the groups of the Cuddapah series sandstones or quartzites 
prevail at the base and earthy deposits forming shales or slates above, 
limestones often, occurring with the latter. The Pdpaghni group is only 
found between the Tungabhadra and the Chejair, being overlapped in both 
directions by the Cheyair beds. It takes its name from the river, in the 
gorge of which the best sections are seen. Its bottom member, the Gul- 
cheru quartzite, rests upon an uneven surface of the gneiss, and rises up 
to the west to form steep cliffs, over an undercliff of the crystalline rock. 
Although the contact is quite sharp the two rocks are often connected 
too-ether into an adhering mass. A considerable thickness at the base is 
coarsely conglomeratic, the pebbles consisting of the brecciated veinstones 
and banded jasper-rocks, which form prominent outcrops in the adjoining 
metamorphic area, but no pebbles of gneiss or granite were found except 
at one spot.^ These bottom beds are described as shore deposits. 

In the Vempalii subdivision of the Papaghni group limestone is 

i Memoir Si Vlli, 158, (1872). 
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largely associated with the shales, and intrusive sheets of trap are 
also of frequent occurrence. In contact with, or near, the trap the lime- 
stone often contains bands of serpentine and steatite, as may be seen 
close to Karnul, where the Vempalli band has overlapped the bottom sand- 
stones, and rests directly on the gneiss. 

The Cheyair group is well exposed on the Cheyair river. It is divided 
into two areas by the Karnul formation stretching southwards, west of 
Cuddapah, into contact with the Pdpaghni rocks. The constitution and 
relation of the Cheyair group in the two positions are somewhat different. 
In the north-west area, traversed by the Penner, the bottom band of sand- 
stones and conglomerates is comparatively unimportant. It is there described 
as the Piilivendala (Pulavaindia) subdivision, from a town 40 miles west by 
south of Cuddapah. North of the Kistna it overlaps the Vempallis, and 
rests upon their denuded surface in the Fenner ground, the conglomerates 
and breccias being largely made up of the characteristic chert-bands of the 
Vempalli limestone. Here, too, intrusive sheets of trap occur in the Puli- 
vendala band. The corresponding beds in the southern area are described 
as the N%ari quartzites, from the well-known hill near Madras. They 
form for the most part the bottom-rock of the Cuddapahs resting on the 
gneiss in this region. The conglomerates are here made up of pebbles 
of quartz and quartzites (which are themselves sometimes conglomeratic), 
and occasionally of red-banded jasper, being thus more like the Gulcheru 
beds of the Penner area. 

The upper dand of the Cheyair group in the Penner area is described as 
the T^dputri (Todapurti) beds, named from a principal village of the district 
They comprise a- great series, in which slaty shales predominate, with 
limestones, eruptive rocks both intrusive and contemporaneous, ferru- 
ginous chert, and jasper beds. Although not greatly disturbed, the shales 
are to some extent affected by cleavage and are hence qualified as slaty. 
Limestone occurs in two principal bands. It is a finely crystalline grey 
rock, with much segregated chert, which often assumes very fantastic 
shapes, especially in the upper part of the beds and near trap-flows. Of 
these eruptive rocks there are many strong outcrops, in two principal 
hands, a main one near the base of the group, and another two-thirds up. 
The only rocks that can be certainly classed as eruptive are coarse-grained, 
dark, basic diomrites, someties compact and of grey or pale-green colours. 
They are shown to be contemporaneous by their outcrop being continuous 
for long distances between well-marked bands of aqueous deposits, but 
the intervening deposits frequently cease, and the flows locally coalesce ; 
moreover, they are distinctly confluent with intrusive dykes, as is well seen 
in the small bay belo%v the southern flanks of the Opalpad plateau, 20 miles 
east of Gooty. Perhaps the strongest argument for the contemporaneity of 
the bedded traps on this iiorizon is the fact that no intrusive igneous rock 
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IS' known to, occur higher in the formation^ or. in the. Kaniii.lsj and,, 'this 
,coiikl hardly .be the. case if the, massive bands, Jo tlie:Tadpi!tri,:Zone were 
intruded after the completion of the sedimentary series. 

, , ,,,In this group there are, associated with the traps, porcellanic beds .re- 
sembling those of the, Gwalior system. They have been regarded as of 
volcanic origin, but there is a great difficulty in supposing so highly siiicioiis 
an ash, cook! be produced by- the same series'o.f eruptions as gave birth tt) 
the mimistakeable igneous' rocks in the sectiG,n. ,' They, do , not in any way 
,- resemble any known- product of ,"volcanic. activity and' the.ir' associations with 
the lava flows is probably fortuitous. 

In the Cheyair area the Pullampet slates and limestones represent tfie 
T^dputri beds of the Penner. The traps and porcellanic beds are absent. 
The limestones are again silicious, and sometimes they are breccia, ted in a 
very unaccountable manner, without any disturbance of the strata. Some 
beds present a rugged humpy surface, suggestive of a coralline formation, 
but no organic structure has been detected. 

The Nallanialai occupies a larger area than the other groups, principally 
on the east side of the basin, and takes its name from the ransfe. The 
Bairenkonda summit, 3,500 feet above the sea, gives its name to the bottom 
band of quartzites. In the Pdlkonda range, east of Cuddapah, these 
quartzites rest with slight unconformity upon the Cheyair group. In the 
Penner area the strong quartzites of the Goiidicotta hills, overlying the 
Tadputri shales, are on the same horizon. Here the beds have a gentle 
north-easterly slope and pass under the Karnul formation, but when they 
rise again to the east, in the Nallanialai, contortion is the rule, often to so 
extreme a degree as to produce folded flexures and inversion. In the 
synclinal troughs of these contortions the upper member of the group, 
called the Ciimbum siate^s, is found, the underlying quartzites rising up to 
form the ridges. 

The Curnbum slates are by far the thickest member of the group, and 
cover the greater part of the area. They are not very uniform in compo- 
sition. There are several subordinate bands of quartzite, which it is not 
easy in broken ground to distinguish from the underlying Bairenkonda 
rock, and the slates themselves present many varieties, from line, silvery, 
talcose beds to coarse, earthy clay slates, of many shades of colour. Occa- 
sionally they are foliated and schistose, and not easily distinguished from 
the schistose lieds of the adjoining gneissic area, when the two happen to 
come in contact. As a rule, however, quartzites are found at the junction. 
Strong bands of limestone are frequent in the Curnbum slates. It is generally 
compact or finely crystalline, micaceous or talcose, of a slate grey colour, 
with purple tinges. The old lead mines near Nandialampet, 16 miles north 
of Cuddapah, occur in a dark silicious variety of this rock. 

At the north end of the Nallamalai, just south of the Karnul and Guntur 
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roadj there is a great donie'sliaped mountain known as Eshwarakupam, It 
IS composed of lower Cuddapah rocks dipping away from the liil! on all 
sides^ and surrounded by Nailamalai beds. A great thickness of strata is 
exposed, but it is not easy to identify them specifically with the groups 
already described. 

The plateau through which the Kistna has cut its gorge, known as the 
Kistna Nailamalai, is formed of beds higher than the Nailamalai group and 
unconformable to it. These beds are therefore distinguished as the Kistna 
group. They comprise three well-marked divisions.; the Irlakoiida quart- 
zites, forming the plateau of that name on the west, where they are 
j,2GO feet thick; the Shrishalam quartzites, forming a higher plateau 
to the north and east, called after a .well-known shrine on the Kistna; 
and the intermediate sliales, which are called Kolamnala, after a stream 
that traverses them. To the north the group spreads out over a flat 
surface of gneiss, and to the east it passes under the Karnul beds of 
the Palndd, ill which region the rocks are; again, intensely disturbed on 
the east. This group is supposed to be also represented further south in 
the Nailamalai, but the evidence is not decisive. 

In the south Mar^tlid country, on the southern border of the great area 
occupied by the Deccan trap, and in great part separating the trap-region 
from the gneissic area of Mysore, there is a basin of somewhat similar 
ricks named after the town of Kal^dgi^, which lies near its eastern end. Its 
peculiar position is in a manner accidental, for it is certain that the whole 
of this basin was once overspread by the trap, which still stretches con- 
tinuously along the crest of the Sahyidri for some distance to the south, and 
elsewhere outliers of trap are found resting on the gneiss. The strata 
rest with total unconformity on the crystallines, quite unaffected by meta- 
morphism, and are considered to belong to the Cuddapah system on the 
strength of a general resemblance in lithological character, although the 
particular sub-divisions of the Cuddapah area cannot be recognised. 

From the Kistna, below its confluence -with the Gatparba, the Kaladgi 
rocks stretch continuously westward for more than loo miles and then 
disappear under the trap forming the crest of the Sabyadri. In this direc- 
tion several inliers are exposed by the local removal of the basaltic cover- 
ing, the largest of which, at the foot of the PhondaGhat, in the Konkan, is 
probably continuous with the main basin. On the north there is a large 
inlier at Jamkhandi. In all of these inliers, however, only the lower beds 
occur, so it is probable that the formation does not extend far beneath the 
trap. On the south borders of the basin there are numerous outliers of 
the botb>m ouartzites resting on the gneiss, both on the uplands of the 

^ R. B. Foote, Memoirs^ XII, 70, {1876). 
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Deccan and ill ibe Konkan. The Venginia rocks and other small isLiiids 
off the coast all consist of the very hard' rocks belonging to the quartzite 
series, . The former continuity of all. these 'patches of rock cannot by any 
means be asserted^ for it is evident that the deposits took place upon a 
very' uneven surface of the crystallines, of which there are extensive inliers 
witliin the main basin, as at Gokdk. 

The series is divisible as follows*: — 

Upper Kalddoi. 

■Thickness, . 

6. Shales, limestones and hcGmatite-schists . . . 2,oot) feet 

5, Quartzites, local conglomerates, and breccias . 1,800 


Loieer Kalddgi. 

4. Limestones, clays, and shales . . , . 5,000 —6,000 

3. Sandstones and shales , . . . •') 

2. Silicious limestones, hornstones, or cherty breccias > 3,000 — 5.000 
I. Quartzites, conglomerates, and sandstones . .3 

The bottom conglomeratic rocks are made up of the debris of the ad- 
joining crystallines, and vary with the composition of the latter* They 
generally slope up towards the boundary?’ of the area and form a scarp over 
a basement of gneiss. The cherty breccias form the most peculiar and 
conspicuous member of this part of the series. Mr. Foote suggests, with 
much probability, that they are formed by the decomposition and crushing 
of the highly silicious limestones that occur on the same horizon. A 
large proportion of the total area, forming a continuous margin to the basin, 
very wide on the south, and including all the Outliers, is formed of the lower 
members (Nos. i, 2, 3) of the series, and in this position the rocks are very 
little disturbed, and scarcely at all altered. 

The limestones and shales forming the fourth division of the Kalddg! 
series are only found in a special basin of depression and contortion on 
the north-east side of the area. They generally occupy low ground and 
are much concealed, but may be fairly seen about the town of Kalddgr, 
exhibiting much disturbance. Several varieties of the rock are very honio- 
geneous in texture and variously tinted, making pretty marble. 

'I'he only remnants of the upper Kalddgi group are found in the axes of 
synclinal flexures within tliis special basin, their preservation being evi- 
dently doe to their being thus let in and encased by the folding of the 
whole series, so that the maximum of disturbance and of metamorphism is 
exhibited in these remains of the topmost beds of the formation. The 
principal of these elliptical synclinal areas of the upper groups are all within 
a short distance of Kalddgi. The direction of the axes of disturbance is very- 
steady between west by north and west-north-west. This is also the 
direction of the major axis of the basin itself, in which all the special 
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■contortion seems to haye been concentrated on the north side^ along what is 
now the lower Yalley of ' the Gatparba. 

' Only fonr cases of iiitrusfve rock have been observed in the Kalidgi 
area, and all in the region of disturbance, in the highest beds ; three in the 
Lokapnr basin, and one in the Arakere synclinal valley. They are of coni- 
pact, green diorite^ unlike the older diorites of the gneissic area. 


The rocks of the Karnul series lie almost entirely within the basin 
of the Giiddapah system, where they are found in two separate areas, the 
larger of which occupies the whole of the Kundair valley and stretches to 
beyond the Kistna, while the other lies in the district known as the PalnacL 
The series has here a total thickness of only 1,200 feet, less than that of 
the smallest group of the Cnddapahs, and might be regarded as a member 
of that system, a view which has been urged^ on the ground that the 
unconformity between the twG is not much greater than those betv/een the 
different sub-divisions of the older system, and that on the east side of the 
basin the Kaniul series lias felt the full effects of the disturbance which they 
have undergone. 


Such was not the opinion of the actual observers, who described the un- 
conformity between theCuddapah system and the Karnul beds as sufficient to 



Fig. 5. Sketch section illustrating the relation of Cucldapah and Karnul rocks, after King. 


justify the separation of the latter.^ This claim is strengthened by the oc- 
currence of an outcrop of beds, referred to the Karnul series, under the edge 
of the Deccan trap plateau in the valley of the river. Although the 

westernmost point of tins basin is separated by only 8 miles from the 
boundary of the Kalddgi area of Cuddapah rocks, and though each basin is 
over 100 miles in length, yet no representative of any of the rocks found in 
the one has been recognised in the other. If the reference of the rocks 
of one area to the Cuddapah system and the other to the Karnul series, on 
the strength of general petrographical resemblances, is to be trusted, this 
indicates a change in the areas of deposition of the two periods sufficient 
to justify the separation of the rocks formed in each. 

^ Manual, ist ed., p. 70. ^ least, skews the interpretation put by the actual 

3 The nature of this unconformity is exhibit- observer on tl’.e observations made bv him. 
edby the sketch section, fig. 5, which, at the -W. King, Memoirs, VUI, 125, (1872). ' 
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/nie Karaul series, which is mainly a- limestone formation with subor- 
dinate .bands of sandstone and 'shale/ lias been divided .into the following 


groups^ : — “ 

' Kundair group 
Paniam group 
Jamalamadugd group 
Banaganpaili group ' „ 


^ Shales, (Nandial). . 

\l Limestones (,Koii Kuiitla)« 
Pinnacled .quartzites,. 
Plateau quartzites, ; , 

^ Shales '(Auk). : 

’c Limestones, '{N'arjib ' ; 

, , Sandstones.' 


Thn EJanaganpalH grmjfp consists of sandstones, generaily coarse, often 
earthy, occasionally felspaihic or ferruginous, and ustially of dark shades of 
red, grey, and brown colours. Pebble beds are frequent, the pebbles being 
small and numerous, composed of quartzite and various coloured cherts, 
jaspers and hardened shales, evidently derived from the cherty shales 
of the Cheyair group, on which the Banaganpaili beds rest. 

The Banaganpaili beds are of interest as being the principal source of 
the diamond in the Cuddapah area.® There are many places on or near 
the Karoul group where diamonds have been worked for in surface 
gravels, but at Banaganpaili these workings are carried on in the solid 
rock. Shallow pits, not more than 15 feet deep, are sunk in the rocks 
which is hard and quartzitic at the surface, but turns soft and easily worked 
imderground, where short galleries are driven in the diamond layer, 
at, or close to, the base of the group. The diamonds occur in some of the 
more clayey and pebbly layers. Dr. King has recorded the opinion that 
they are innate in this rock, an opinion based principally on the perfection 
of many of the crystals. In the case of so hard a mineral the argument is 
not conclusive, and the nature of the rock in which they are described as 
occurring certainly suggests that they are of detrital origin. It is rather 
mysterious why the rock-workings should be so crowded as they are over 
certain spots, whilst large adjoining areas of apparently the very same 
deposits are left quite untouched. If this irregular distribution of the 
mines be only due to a delusion of the diamond-seekers there is still a very 
large held awaiting exploration. 

llie Jamalamadugu group takes its name from a large village on the 
west side of the Kundair valley. It is composed at the top of buff, white, 
and purplish non-calcareous shales, well seen near the village of Auk 
(Owk). They have a maximum thickness of 50 feet, and pass down 
gradually into a finely crystalline or compact limestone, generally blue- 
grey, sometimes nearly black, and occasionally of pale buff and fawn 
colours. A very inferior lithographic stone used to be obtained from these 

^ Jiff vin, 30, (XB72). I * viu, 963 (1872. 
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beds; and the rock is now nuicli used for building, large quarries Having 
been opened near the railway at the village of Narji, by which name the 
stone is koown. West of Ejanaganpalli the Narji limestone is about 400 
feet thick, but thins out both to the south and north. In the Riichur 
Dodb, about Kaniul, it rests on the metamorphic rocks, where it becomes ^ 

cherty and brecciated in a peculiar manner and is described as a shore 
, deposit. 

Between the open Kiiiidair valley and the western ranges, or Yel« 
laniala, there are in the Karnul district some low flat hills, such as the 
j)lateaux of Upalp 4 d and Undutla. These low plateaux are composed 
of a sandstone or quartzite, locally intercalated in the Karnul lime-* 
stones and known as the Paniam group, after the town of that name. 

The greatest thickness of the quartzites is only 100 feet, and the group 

disappears altogether to the north and south, nor has’ any sign of it been * 

observed on the eastern edge of the basin. An upper portion, formed of 

firm white sandstone, has been distinguished as the ^pinnacled quartzites^ 

from its mode oi weathering, the lower beds, or ^ plateau quartzites,^ are 

coarser, more earthy and ferruginous, of various rusty tints. 

In a basin of slightly disturbed strata the uppermost group must cover 
Ihe largest area, and so the Kundair beds occupy the whole valley of the 
Kundair. I'here is a thickness of 500 to 600 feet. The upper two-thirds 
of purple calcareous shales and earthy limestones, distinguished as the 
Nandidl shales after a large village of that name, pass insensibly down 
into purer, compact and crypto-crystalline, flaggy limestones, known as 
the Koil Kuntla band, from a town 10 miles south-east oi Banaganpalli, in 
which small papillae resembling casts of Cypris^ and numerous discoidal 
markings of half an inch to two inches in diameter are foiind,^ The town 
of Cuddapah and all the large villages in the centre of the valley are on 
the Nandial shales. In this position the rock is soft and crumbling, but 
to the south and east, on the margin of the mountain region, these upper- 
most beds of the whole sedimentary basin are quite slaty, being cleaved 
and contorted proportionally with the underlying formations. The litholo- 
gical character of this group, as in some of the Cuddapah groups, changes 
to the north-west, and in the proximity of the metamorphics the Koil 
Kuntla beds are described as shore-deposits, which never extended much ^ 

beyond their present boundary. 

In the Palnad there is a large exposure of limestones which are be- 
lieved to be of Karnul age, and even the sub divisions have been in a manner 
specifically recognised in the south-west part of the ground.^ The limestone 
is underlaid by a diamond-bearing sandstone, which has consequently 
been supposed to represent the Banaganpalli rock. In the Palnad country, 
however, there is great difficulty in distinguishing this rock from a closely 

^ Memoirs^ VIH, 107 (1872), 
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associated sandstone,, clearly- belonging to the Cuddapalis, but of tlie Kistna 
group at. the .very top. of the Cudclapah series, and several thousand feet 
higher,, stratigrapliically, than, are -the beds o.f the. Cheyair group underlying 
the diamond sandstone of Banaganpalii ; such at least is the position made 
out for the bottom sandstone on the south-west of the Paload, towards tlie 
expanding rock-basin. On this sidcj too, some slight unconformity has 
.been pointed out between the Paliiad ' limestone and successive masses 01 
the sandstone, and it has been remarked that the diamond workings here 
.are confined to the rock close-.' under the limestone, so as to suggest the 
limitat ion of diamonds to the horizon of the Banaganpalii group. All round 
the north-east corner of the basin, however^ this sandstone, there known 
as the Jaggayyapet quartzite, rests directly upon the gneiss. 

The leading structural character of the Cuddapah basin is maintained in 
the Palnid. On the west side the strata are comparatively undisturbed, 
while 00 the east border they are cleaved, foliated, and contorted, and 
appear to be overlaid by a natural ascending ^sequence of shales, lime- 
stones and quartzites, above what have been described as the Palndd 
limestones, and so these upper rocks would be newer members of the 
Karnul formation. According to another, more probable, view this sequence 
is deceptive, being due to total inversion of the strata, the top quartzite 
being really a Cuddapah rock. 

On the north-w^estern border of the Cuddapah basin the Karnul deposits 
are described as overlapping the formations upon which, for the most part, 
they rest, and lying upon the gneiss for a short distance up the Kistna 
val ley. Seventy-five miles further in this north-westerly direction there 
is another area of rocks, having a strong likeness to the Karnul deposits, 
and resting throughout their entire south-east border, for a distance of 
more than 100 miles, immediately upon the gneiss, while along their 
entire north-western border they are covered by the Deccan trap. The 
width of the basin thus exposed is exceedingly variable, both bound- 
aries being very irregular in outline. P is greatest, about 25 miles, where 
the Bhimd. river crosses the outcrop nearly at its middle, and from this 
circumstance the name of the river has been taken for the local designa- 
tion of the rock basin. ^ 

The Bhioii series is mainly a limestone formation which has been di/id- 
ed as follows la the central portion of the basin ^ 

Upper^ 

Thickn<iss 

Red calcareous shales 30 feet, 

if) Flaggy limesione beds, . 

(A Bui^ shales « • • * • ■ • • ^ 


^ Ilemoirs, XU, 139. 
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Upper — contd. 

Thickness. 

{d) Quartzites (sandstone) . . . . • » 200 feet. 

Blue thick-bedded splintery limestone, breccialed in part 200 „ 

Thin-bedded limestone, with chert . . . 20 „ 

(c) Blue and grey splintery limestone, occasionally brec- 

ciated . « . . . • • • 200 „ 

Lotver, 

(h) Purple, red, drab, and dark-green shales, w ith calcareous 

flags at top , . . . • . . 100 „ 

(a) Quartzites (sandstones) and conglomerates . , • 60 ,, 

It is principally in the south-western part of the area that the bottom 
sandy beds are developed to any extent. The pebbles of the conglo- 
meratic bands are derived from the adjacent metamorphics, upon a very 
uneven surface^ of which the Bhimd deposits were laid down, as is shown 
by the very winding outline of the boundary and by the occurrence of 
gneissic inliers, some of which are found near the trap of the north-west- 
ern edge of the area. There is thus no presumption that the sedimentary 
basin extends far beneath the eruptive rock. 

At Bachimali, the extreme easterly point of the southern expansion of 
the Bhimd. basin, there is a basement pebble-bed much resembling the 
diamond layers of the lower Kistna valley. It is much broken up by 
small pits, as if at one time it had been searched for diamonds, but there 
seems to be no local tradition of any having been found. 

The upper quartzite is quite a local intercalation, so that in, .some sec- 
tions the series is almost exclusively made up of limestone. This 
fine-grained rock for the most part, with a texture approaching that of 
lithographic stone. The colours are very various. Grey prevails, but 
drab and pink tints are common. The rock generally occurs in flaggy 
beds, and is much used for building, the pale cream coloured variety 
being preferred, although the grey stone is the more durable. 

The formation has undergone very little disturbance, and the inclina- 
tion of the strata very rarely exceeds from 2^ to 5° At a few places near 
the boundary some crushing and faulting has taken place, as at Gogi, 
where the lowest beds are vertical. 

There are some patches of a singular limestone-breccia resting on the 
gneiss within the confines of the Bhimd basin, as west and north of the 
village of Yeddihali in the Agani valley. The brecciation has clearly been 
caused m situ, and Mr. Foote conjectures that these patches may be rem- 
nants of a former spread of the Kalddgi rocks. 

With the exception of a doubtful fragment of silicified wood (or bone) 
found by Mr. Foote in the basement conglomerate close to the village of 
Kasakanahal, just within the Agani valley, no traces of organic remains 
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were .obtained fronvany of tha^ Bhim^ rocks. Mr. Foote , speaks of the 
limesto,iies as a. pelagic fonoation^- and remarks that there is a ' good deal 
to suggest that they were once continuous with the like rocks of the 
Kaniul area, and that they have been separated only by denudation. 

North of the Kistna some outliers of highly disturbed quartzites and inter- 
bedded limestones have been recognised as belonging to the Cuddapah 
system^, and north of these a large spread of Ciiddapahs, originally 
described ^ as the Pakhal series, extends up the Goddvari valley. 

In the hills east of the Goddvari at Albaka the series is described as 
consisting of two weli-marked members, namely, a more or less slaty 
division, with many strong bands of altered arenaceous beds, and at 
least two bands of limestone, best exposed near Pakhal ; and an upper 
division which is more generally arenaceous in its composition. The 
thicknesses of the divisions, where best developed, may be reckoned as— 

2. Albaka division 2,500 feet. 

1. Pakhal division • . . . . . • 5,000 „ 

Near Pakhal the lower division can be divided into sub-groups as 
follows 

5. A slaty band with thick seams of quartzite sandstone . 3,600 feet. 

4. Grey and fawn-coloured silicioiis limestones . . 300 „ 

3. Clay slates and quartzites 500 „ 

2. Silicious limestone . . . • . . , 150 ,, 

I. Quartzites, with a few slates . . . . . 700 „ 

These sub-groups are not constant and overlap each other. The lowest 
beds are frequently conglomeratic and at times pass into strong conglo- 
merates, which rest unconformably on the gneiss. The upper division, 
more fully represented east of the Goddvari in the hills which run parallel 
to the river and touch it at Albaka, is described as essentially a sandstone 
and quartzite formation. 

The Pakhal outcrop extends in a north-west direction to the Maner 
river, a short w^ay beyond which it is abruptly cut olf by a fault. The 
rocks become gradually less indurated in this direction, the sbaly beds 
finer in grain, and the limestones less prominent. In the Maner valley 
the shales, fine in texture, green and purple in colour, and much banded 
with thin calcareous seams, closely resemble those of the Cheyair group. 

On the east side of the Godavari there is another large area extend- 
ing from about 10 miles south-east of Albaka for over xoo miles to the 
north-west. In this exposure the upper arenaceous beds are largely de- 
veloped, but there appears to be a slight unconformity in the cliff sections 

1 Records^ XVIII, 20, (1S85), | W. King, Mimnra^ XVIU, 2og (iSSu), 
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on the west of the range of liillsj and it is not impossible that part of what 
lias been here classed^ and coloured on the map, with the Pakhal series be- 
longs in reality to the Sullavai service which succeeds it. 

In the upper Prdnhita valley, west of the great Ward h^ valley coal- 
field, a series of limestones and shales of ancient date, known as the 
Pengangl beds, have been recognised by Dr. King as identical with the 
Pakhal beds of the Maner valley. They fall naturally into a lower lime- 
stone and an upper shaly group. 

The limestone group consists of pale or dark grey or buff-coloured, 
seldom red limestone, well-bedded, with occasional layers of ribbon 
jasper. It is overlaid by the shale group, composed of fine-grained earthy 
shales, usually some shade of red in colour, with occasional beds of 
flaggy limestone. The shales have often a nodular structure and weather 
into small thin discoidal fragments like the Talchir shales, for which an 
isolated outcrop might easily be mistaken. It is extraordinary that no 
fossils have been found in these beds, whose texture is eminently fitted 
for the preservation of organic remains, while there has been no subse- 
quent disturbance or metamorphism to account for their obliteration. 

The Penganga shales and limestones are usually found resting directly 
on the gneiss without any representative of the lowest quartzose conglo- 
meratic zone of the Pakhals. North-west of Edlabad, however, there are 
said to be sandstones which appear to dip under the limestone, and a 
quartzite is recorded as occupying a similar position, in the hills north 
of Aksapur.® 

These Pengangd beds were regarded by the earlier observers, and 
have always been referred to in the Survey publications, as of Vindhyan 
age. Further on we will return to the discussion of the validity of this cor- 
relation, but in the meanwhile it may be noticed that the evidence in favour 
of identifying the Pakhal and Pengang^ beds with the Cuddapahs is as 
strong as it can be in the case of unfossiliferous rocks, where there is an 
absence of absolute continuity of outcrop. They were unhesitatingly 
identified by Dr. King, who examined both areas. The general lithologi- 
cal resemblance is described as very close, and, though the particular sub- 
divisions cannot be recognised in the different areas, the Pakhal beds were 
regarded as answering to the Kistna and Nallamalai groups.® They 
exhibit much the same degree of induration and a similarity in their rela- 
tion to the gneiss, and to the rocks of the transition period, and the case 
is much strengthened by the occurrence of a series of small outliers, in the 
space intervening between the northern limit of the main Cuddapah area 
and the southern extremity of the Pakhal outcrop. 

1 W. T. Blanford. MS. Report, iS 66 . j ^ Memoirs, XVOl, 212, (1881). 

3 Memoirs^ XViH, 224, (s68i). I 
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In tlie clegree and nature of the disturbance they have been subjected 
to,;, the ■Pakbal beds resemble .■the -. Cuddapahs. Lying at: low and gentle 
dips throughout the western portion of the area they occupy, they are com- 
pressed and folded at high angles about their eastern limit in tlie neigh- 
bourhood of the Singareni coal-field. 


The Cuddapah beds have been recognised in Bastir territory, where the 
Indrawati river, at Chitarkot, falls over quartzites that rest horizontally on 
the gneiss. They are overlaid by limestones and red shales, which over- 
lap on to the gneiss and are overlaid by a yet higher series of quartzite 
sandstones. The country has not been examined in detail, and it is not yet 
certain whether the latter belong to the Cuddapahs or to the overlying 
uncooformable Suilavai series.^ 

Further north Dr. Ball recognised the same beds on the plateau 
south of Tarnot/ and they spread out and occupy a large area of the 
Mahdnadf valley in Chhaiisgarh, where they have been regarded by 
observers working from the north as Vindhyan. They are described as 
consisting of a lower group, composed principally of quartzitic sandstones 
at times pebbly or even conglomeratic at the base, and an upper group 
of limestones and shales,^ The shales are nearly always of a red purple 
colour, very rarely green or dirty grey, the limestones are fawn-coloured, 
grey or even black, sometimes pink or pale reddish purple, thick-bedded, 
compact, splintery or shaly in composition, graduating into shale, often 
seamed with chert bands. These beds, which were recognised in iS66 
by Dr. Blanford as very similar to the Penganga beds, occupy the 
centre of the basin and lie with easy rolling dips, the underlying sand- 
stone band forming, a margin round the outcrop, where it is often turned 
up at high angles. 

The evidence for classing these with the Cuddapahs is not at present as 
good as in the case of the Pakhals, seeing that the intervening ground has 
been only cursorily visited, but the general resemblance is close, and cer- 
tainly much closer than to the rocks of the overlying Suilavai series, which 
must now be noticed. 

Besides the beds of Cuddapah age Dr. King recognised, in the Goddvari 
valley, a series, unconformable to the Pakhals, whicii he called the Suilavai 
series.^ They consist typically of a massive quartzite sandstone and con- 
glomerate with a few slaty beds, overlaid by generally salmon or chocolate 
coloured sandstones, and capped by a strong series of thin and thick- 
bedded, very pebbly and gravelly, quartzites or indurated sandstones, which 
weather in the peculiar and picturesque manner characteristic of the pin- 
nacled quartzites of the Karnul series in its typical area. 

XVni, 524, (i8Si). I ^ J^ecords. XYlU, 

^ X, 174, (1877). * Memoirs^ XVlllf 22'/j (iSSi),' 
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The thickness of the series where best developed in the Dewalmari 
hills and in the western outcrop near K^pra are stated to be—^ 


3. Kdpra quartzites and conglomerates 
2. Venkatpur salmon and chocolate beds 
I, Encharam quartzites . 


Kapra. Dewalmari hills. 

100 feet. 700 feet. 

200 „ 300 ,3 

900 „ 600 3, 


The unconformity of the Sullavais on the Pakhals is indicated by both 
overstep and overlap, yet on the whole there is a remarkable parallelism 
of dip between the two nearSullavai itself. Some sections are, however, 
recorded where the Sullavai sandstones rest almost horizontally on the 
eroded edges of the nearly vertical Pakhal slates and quartzites. 

These Sullavai beds were recognised in the hills near Dewalmari and 
the observation is important, as the sandstone of these hills had already^ 
been identified vvith that of the exposures, regarded as of Vindhyao age, 
east of the Wardhd valley coal-field. According to Dr Blanford these are 
white and purplish quartzite sandstones, breaking with a distinct conchoi- 
dal fracture, and, in the great exposure extending from Chimur to Mul, 
they are associated with a more or less felspathic coarse grit, which 
decomposes into a very soft rock, easily mistaken for Damucla sandstone. 


There is a much wider and more distinct barrier between the great nor- 
thern Vindhyan basin and the Chhatisgarh, or upper Mahanadi area, than 
between the latter and any of the affiliated rocks to the south. The ridge of 
gneiss which, to the west, forms the well-raised base of the basaltic plateau 
throughout the districts of Manclla, Seoni, Chhindwdrd, and Betul, and to 
the north-east forms the highlands of Chutid Nagpur, is interrupted at this 
point and the Gondwdna deposits stretch across from the Son to the 
Mahanadi valley. The watershed between the Son and the Mahdnadf 
drainage is pretty high, and is occupied by Talchir rocks, probably 
of no great thickness, so that the gneiss most probably forms a rock- 
barrier from east to west, though of course it is open to question when this 
was produced. It may well be of post-Gondwdna age. To the north of this 
barrier of gneiss the Cuddapahs and Karnuls of the south appear to be 
represented by a great series, principally composed of sandstones, long 
known to geologists under the name of Vindhyan. 

The name Vindhyan, one of the oldest introduced by the Geoh-gicai 
Survey, was used to designate the great sandstone formation of Bundei- 
khand and Mahvd, and was adopted from the name currently applied by 

Memoir Si XYIIl, 231, (1881). j ^ W. T. Blanford : MS. report, iS 56 . 
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Anglo-Indian, geograpbers to the scarped range along the north side of the 
,, Narbadd' valley. ' The Vindhyan. -system ranks third in superficial extent 
within the rock-area of the Peninsula, occupying in a single basin a larger 
surface than the combined areas of any other formation except the gneiss 
and the Deccan trap. The form of the basin is peculiar. There is a great 
area, 250 miles long, between Chitor on the west and Sdgar on the east, 
and 225 miles broad from Indargarh on the north to Bdrwai (or Mortaka) 
on the south, all presumably occupied by upper Vindhyans, although a 
very large part of it is covered by the trap of the Mdiwd plateau. From 
Sagar a long arm, with a inaximum width of 50 miles, stretches eastwards 
for 340 miles to Sasserdin in Behar. Another broader tract extends north- 
wards from Sagar, and passes under the Gangetic alluvium between Agra 
and Gwalior. The gneissic mass of Bondelkhand lies between these pro- 
longations, The exposed surface of the Vindhyan deposits is about 40,000 
square miles and, with the area beneath the trap, the basin would occupy 
about 65,000. 

Throughout the greater part of their border the Vindhyan sandstones 
are unconformably related to transition or gneissic rocks, but in the 
eastern branch of the area in Bundelkhand and the Son valley, and in the 
neighbourhood of Chitor and Jhalra Pdtan, they rest, with little or no un- 
conformity, upon deposits of very different character. These lower 
beds were at first noticed under local names in the several areas, but the 
convenience and fitness of having a common name for deposits so nearly 
related was soon felt, and the term lower Vindhyan has been used in this 
sense in spite of the very disproportionate importance oi the two divisions 
so established, and a doubt as to whether they are really members of the 
same conformable system. 

On the map prepared for this Manual it has been found necessary to 
make one colour serve for the lower Vindhyans and the Cuddapahs, but as 
the lower Vindhyans, in the sense here used, are confined to the mai'gins 
of the Vindhyan basin, this is not likely to lead to confusion. From Sdsse- 
rdm, at the extreme east end of the area, the lower Vindhyans are con- 
tinuous at the base of the Kdimur scarp for 240 miles, disappearing at 
the Son-Narbadd watershed, where the upper Vindhyans sweep across 
into contact with the transition rocks. The greatest width of the lower 
Vindhyans across their outcrop in this their typical area is 16 miles, just 
where the Son enters its main valley from the south. At some points 
on the lower reaches of the river their outcrop is less than two miles 
wide. Some small inliers, appearing through the alluvium in Behar at a 
short distance east and north , of the termination of the Vindhyan plateau, are 
most, if not all, of them of lower Vindhyan rocks, which also crop out 
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from b eneath the upper Vindhyans in some of the valleys on the north side 
of the plateau west of Sisserdm. In this direction, however, the lower Vin- 
dhyans soon disappear and at the lowest level, where the Ganges washes 
the base of the plateau at Chanir (Chunar), only upper Vindhyans are 
exposed. The concealment of the lower groups is probably only due to 
depression in the main axis of the basin, for the very same rocks appear 
again beneath the Kdimur sandstone as it rises towards the gneissic mas? 
cf Bundelkhand. 

It may be considered certain that the Semri rocks, under the Kdimur 
scarp in south-eastern Bundelkhand, are the same as the low^er Vindhyans 
of Son valley, but their appearance on the north is much more irregular in 
every way, a circumstance which is easily accounted for. From Chebu, 
close to the Jumna, they are seen at intervals below the Vindhyan scarp 
for i6o miles to beyond the Dhas^n. The principal exposures are for 20 
miles east of the Dlias^n, and for 12 west of the Ken (Cane). East of the 
latter river the beds are totally concealed for long distances, where the upper 
Vindhyans pass over theoi on to the gneiss, and' the lower formation is 
only visible in the gorges of the principal streams. About Karwi again, 
where the main scarp begins to trend eastwards, oblique to the general 
strike of the basin, the lower Vindhyans are freely exposed, but at Bhita, 
where the Jumna first touches the rocks of the plateau a few miles above 
AllahdbM, the upper Vindhyans are at the water level, the position being 
more to the dip of the basin. 

The third of the principal exposures of lower Vindhyans lies in the 
extreme south-west corner of the main outcrop of the system and extends 
from about 10 miles north of Chitor in a southerly direction to the edge 
of the Deccan trap, whence it turns eastwards and occupies a narrow 
strip, with irregular boundaries, extending to about 25 miles south-east of 
Jhaira P^tan. Besides these three principal exposures there are some 
small outliers of what are believed to be lower Vindhyans resting on the 
disturbed Alwar quartzites on the eastern margin of the Ardvalli region, 
south-west of Karauli. 

The classification of the lower Vindhyan beds wants the definiteness 
that is attainable in the upper Vindhyans. There are no well-marked zones 
of sub-division, and all the members of the group are not to be found on 
every section, the irregularity being partly due to thinning out and parllv 
to a lateral change of mineral character. The want of constancy is more 
conspicuous in the lower members than in the upper, a direct result of the 
mode of deposition. The first beds formed were deposited on an uneven 
floor of the older rocks, and as the irregularities of this became smoothed 
off, and the area of deposition enlarged by gradual subsidence, the con- 
ditions of sedimentation became more uniform and gave rise to more uni- 
form and constant stratification of the succeeding beds. 
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The following sub-divisions have been recognised in Uic Son valley : 

5. Porcellanic shales. 

4. Trappoid beds. 

3. Porcellanic shales. 

2. Limestone. 

I.: Conglomeratic and calcareous sand- 
^ stone.' : ■ 

These lithological characters by no means indicate well -defined or con- 
stant hoiizons in the series fhey are all variable and pass into each other, 
both vertically and horizontally, by interstratification and thinning out, or a 
horizontal replacement of one form of sediment by another. 

The lowest two groups, which, strange to say, appear to be in some 
degree equivalent to each other, are only found in the Son valley, and 
doubtfully in some outliers near Sdsseram. They exhibit great and capri- 
cious variations of thickness, which can only be explained by their having 
been deposited on an uneven surface. The conglomeratic beds vary in 
type from a coarse thick-bedded conglomerate, composed of slightly rolled 
fragments of the underlying older rocks, 6 to 8 inches in dTameter, to 
a coarse sandstone, 'with pebbles of quartz. The limestone No. 2 is also 
capricious in its distribution. It is in part a tolerably pure limestone, but 
is for the most part hard and silicious. 

The porcellanic and trappoid beds are almost sufficiently described by 
their name. The porcellanic beds, most.ly grey in colour, are very much 
like the beds described under the same name in the Gwalior and Cuddapah 
systems. The other beds interstratified with them were called trappoid 
from their resemblance, in mineral constitution and mode of weatherino- 
to traps, but they are in fact composed of the debris of crystalline rocks 
which has undergone a subsequent induration. Their distribution is in 
accordance with their origin, as they are conspicuous where there is an 
abundance of crystalline rock close to the boundary, and absent or very 
slightly developed where slates are the chief rock exposed. 

The divisions Nos. 6, 7, 8 form a sub-group of limestones, shales, and 
sandstones with a band of limestone, thicker and more prominent than the 
others, about its centre. Some of the sandstone is described' as litlioloo-i- 
cally similar to that of the Kdimur group, and owing to the dark, often 
black, colour of the shales, they were once mined into in the hope of 
obtaining coal. 

The three uppermost members. Nos. 9, ro, ii, form anolher group 
for which the name Rohtds has been suggested®, derived from the ancient 
fort of RohWsgarh. Taken together, they are by far the most constant of 
any of the groups of lower Vindhyans in the Son valley, 

‘ F. R. Mallet, Msmohs, VII, 28, (1871). | * Manual, lat ed., p. 78. 
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’ The beds of No. 6 are described as being almost universally ripple- 
nia,rked in the Mahanadf tributary of the .Son, besides which sun-cracks 

and the marks of rain-drops are very common. 

In Bundelkhand the Semri, or lower Vindhyan, beds were classiHed by 
Mr. Medlicott as follows* : 

5 . Tiroh^n limestone. I 3- Dulchipur sandstones. 

4 . Pulkoa schists. ' 2. Semri shales and limestone. 

I. Semri sandstone. 

These are not all represented on every section. In the easternmost 
exposures only the Tirohdn (Tirhowan) limestone, and what was believed 
to be a representative of the Semri sandstone, are seen. The Semri 
shales die out near Shahgarh and the Semri saiidstone, thinning out about 
the same place, can only be traced to the Dliasdn river* Coincident with 
the decline in thickness of these two groups, the Diilchipur sandstones, 
whose most easterly limit is near Chopra, increase in thickness and 
impoitance and come into direct contact with the Semri sandstone by the 
overlap, or thinning out, of the Semri shales. At the western end of the 
exposure of the lower Vindhyans the Dulchipur sandstone is the only mem- 
ber of the group represented. 

Though none of the sub-divisions of the lower Vindhyans in Biindel- 
khand canbe identified with those in the Son valley, the general resem- 
blance in lithological character, and more especially in their relations to 
the upper Vindhyans, is such as to make their identity certain.. 

The two uppermost members very circumstantially represent the 
Rohtis group of the Son — the thin, sharply bedded, fine grained limestone 
of very variable composition, both in chemical and mechanical ingredients, 
and the flaky silicious shales between which, even more capriciously than in 
the Son area, occur the most complete vertical and horizontal transitions. 
When the Bundelkhand ground was first described the equivalence of 
these different rocks was not detected, and consequently it was supposed 
that the shales had suffered denudcition before the deposition of the lime- 
stone, and the limestone again before the deposition of the Kdimur sand- 
stone, which is found resting directly on both. In one form or the other, as 
shale or limestone, this group is found from end to end of the outcrop, 
being, like the Rohtas group, the only constant member of the series. 

There is one character connected with the limestone in Bundelkhand 
that does not occur in the Son region. It is almost constantly overlaid 
by a silicious breccia, not detrital, but apparently composed of thin 
layers of agate, chert, and jasper, shattered in places either by con- 
cussion or desiccation, and re-cemented by sintery or hyaline silica, free 

^ Me/HOirs II, 6, i86u). 
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from" sand or oilier detr-ital matter. This breccia, which is adherent to 
tlie^ 'limestoi'ie and also fills cracks ,;in its upper surface, is connected 
'rather; with ./the Tirohin limestone than . wi.tii the overlying Kdiinur 
sandstone^, 'which often has. at its base a breccia conglomerate very differ- 
ent in character from the Tirohdn . breccia. Tliis bed is sometimes 40 
feet thick, as on Panw^ri hill, south-east of Tirohan. 

■ In the middle area, at and west of the Ken, the Semri sandstone and 
the overlying shale and limestone band are well developed. The latter is 
also fairly seen in the gorges of the Ranj and the Boghin, east of Fanner, 
but in the eastern area, about Karwi, the Tirohdn (Kaditds) limestone, 
very free from its familiar shales, is with one exception the only member 
of the series. The exception consists of a very peculiar bottom rock 
covering the granitoid gneiss. Where found under the limestone this rock 
might readily be referred to the Tiroh^n group, for it often has layers of 
dense, fine limestone just like that rock, and is otherwise cherty, as is 
often the case with the limestone, but it is largely a detrital rock com- 
posed of quartz-sand, felspar-grains, and (characteristically) glauconite. 
Cherty segregation in many forms,— spongy, pisolitic, amygdaloidal or dis- 
seminated,-— gives a most peculiar aspect to the bed. This rock is trace- 
able in the hills south-west of Karwi, the most north-westerly of which 
about A kbarpur are altogether of metamorphic rock, and have a pointed 
or rounded outline, the next have a thin cap of Kdimur sandstone, 
but the sedimentary beds thicken steadily to the south-east, and at the 
sacred hill of Chhattarkot the gneiss is only seen at the base on the north- 
west side. At the high elevation of the junction there is only a remnant 
of the cherty contact rock coating the gneiss under the Kdimur sandstone, 
but in the Chhattarkot hill the contact rock occurs under the limestone, hold- 
ing its position as a true bottom-rock. At a few places in the eastern area 
the flaggy sandstones of this band are well marked, as in the gullies to 
the south-east of Chhattarkot hill, and they become more developed to the 
west or north of Panna, on Bisramganj Ghdt, where they are 50 feet thick. 
In this way they are traceable into relation with the Semri sandstone, in 
which also glauconite grains are of common occurrence. 

This peculiar contact-rock of the east has been more specially noticed 
because of a conjecture that it may possibly be an original nidus of the 
diamond. A common form of it is a semi-vitreous sandstone, or pseudo 
quartzite, of a greenish tinge, the result of the local solidification of 
sandstone by diffused silica. Large pebbles of this rock are very abun- 
dant in the conglomeratic diamond bed of the Rewd shales at the Panna 
mines, and it is said they are broken up in the search for diamonds J The 
diamond-bearing beds of the upper Vindhyans are now at a much higher 
level than any existing outcrop of the Semri beds, but it is very probable 
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tliat tliis pec of iar rock once extended over the then eleYaled surface of the 
gneis'sic area. , , 

Both in the Son valley and in Bundelkhand there are indications that 
the present limit of the lower Viiidhyans is not very far from that of their 
original extension. ' The irregularity 'of the lower groups in the Son valley^ 
Together with the coarseness of texture of the lowest member of the groupy 
show that they were deposited on an uneven floor of deposition. The 
thinning out of the subdivisions, except those forming the Rohtds group; 
east of Bardhi, and the complete absence of Nos. 6, 7, and the sandstone of 
No. 8y arc evidently due to this area having escaped the sedimentation, 
mdiich went on elsewhere Another observation of importance is that in 
the outliers to the south the lowest conglomerate is much thicker than 
in the main exposure, indicating an approach to the limits of deposition. 

In Bundelkhand the original limitation of the lower Vindhyans is most 
unmistakeably exhibited by the overlap of the Kdimur group on to the 
gneiss and Bij^wars. This is clearly enough seen on a large-scale geo- 
logical map, where, in all the northern prominences and outliers, the upper 
Vindhyans are in direct contact with the older rocks, while in the deep 
cut valleys draining from the south the lower Vindhyans intervene. It is 
confirmed by the record of sections, where the lower Vindhyans are seen 
to be banked against a sloping surface of Bijdvvars. 

The lower Vindhyans of Chitor and Jhalra Pdtan have not been so 
fully described as those of the other two areas. They consist of shales, 
limestone, and sandstone, the latter often conglomeratic near the base of 
the series and sometimes containing boulders that range up to three feet 
across, but do not appear to* contain any of the volcanic or pseudo- 
volcanic beds found in the Son valley. No unconformity with the upper 
Vindhyans, or trace of one, is mentioned as occurring in this area, and the 
beds do not exhibit that degree of compression which is seen further east. 
At their western limit they rest unconformably on the gneiss and trans* 
ition formations, but along the southern margin the boundary is formed 
by the overlying Deccan trap. The lower Vindhyans are here exposed 
in an anticlinal, w’hose southern half is for the most part concealed, but 
at Jliaira Patan and south of Rampurd there are outliers of the upper 
Vindhyan sandstone, intervening between the lower Vindhyans and the 
-edge ' of the trap,^ ■ 

The justice of classifying these beds with those next to be described in a 
.single system is open to question. There is most certainly an unconformity 
between them and the so called upper Vindhyans. This might be inferred 
from the complete overlap of the lower Vimlhyans by the Kdimur group 
But there is better evidence than this in the very different facies of the two, 

^ €. A, Hacket, Records, XIV, 29s, (18S1). 
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the lower being on the whole argillaceous and calcareous, and liic upper 
arenaceous and argillaceous, and more especially in the sudden and wide 
spread 'change from the fine grained- deposits oi' the Rohtcis to the coarse 
sandstone of the Kdiinur group. Apart from this, the occurrence of debris 
of lower Vindhyaii beds lOO feet above the base of the Kdimur group 
shows that the lower Vindhyans must have undergone some disturbance 
and been then exposed to denudation. 

Two deceptive features have, however, given grounds for exaggerating* 
the importance of the break between the upper and lower Vindhyans. 
Before the equivalence of the upper shale and limestone of the Rohfdis 
group had been recognised, it had to be assumed that one or the other 
had bet‘n very extensively denuded before the deposition of the Kiimur 
beds, an assumption which involved much irregular superposition, although 
none could be detected in actual sections. The other deception more 
important, because it involves the introduction of disturbance uncon- 
formity, is the apparent contortion of the lower Vindhyans before the 
Kiimur period. This view rested upon the fact that the lower Vindhyans 
are often found sharply twisted in close proximity to the perfectly undis- 
turbed K^iniurs in the Son valley. The upper Vindhyans themselves 
have, no doubt, undergone considerable flexure in this zone, as maybe 
seen in the Son area, on the west at Bilheri and on the east at the 
Ghaggar. But these broad undulations were not at first thought sufficient 
to include the frequent flexures seen in the lower rocks which, though 
sharp, neve r seem to carry the beds much out of an average horizon. 
This opinion had, however, to give way to the fact of invariable com- 
plete parallelism of the layers of the two formations whenever a contact 
could be observed, even in proximity to those contortions. It is important 
to dwell Upon this observation, because some unconformities of this 
class, reported and insisted on elsewhere, rest tipo^ no other evidence 
than that found to be fallacious in this case. It may even be suggested 
that such appearances might possibly be produced independently of any 
general disturbance of associated thick and thin, or hard or soft, deposits 
merely by pressure from an adjoining elevated mass upon yielding un- 
derlying beds, as occurs in the familiar case of the ‘creep’ in coal mines, 

The classification of the strata composing the upper or true Vindhyans 
is as follows ; — ^ 

/ Upper . . 13. Sandstone. 

Bhander (Bundair) Shales (Sirbu). 

(Lower . Jn. Sandstone. 

jio. Limestone. 

( 9. Shales (Ganiirgarh). 

1 F. R. Mallot, Memoirs, VH, So, (1871). ( Memoirs, II, 56. (>86o)i Vli, 27. (1871). 
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* So Sandstone* 

^ 7. Shales (Jhin). 

• < 6. Sandstone. 

{ 5. Shales (Panna). 

( 4. Sa?idslone. 

' ^ 3. Conglomerate. 

. ( 2. Shales (Bijaigarh). 
^ I. Sandstone. 


The general co-niposition of the Vindhyan rocks h as uniform as their 
general arrangement. Although chiefly made up of sandstones, which are 
the coarser type of delrital deposits, the fineness of the rock throughout 
the formation is remarkable. With the exception of the Kdimur conglo- 
merate, which is constantly present as a bottom bed all round the bound- 
ary in Bundelkhand;^ pebble beds are of rare occurrence. The Kiimur 
conglomerate is everywhere conspicuous through the prominence in it of 
bright red jasper pebbles, presumably derived from the jasper bands so 
abundant in the Gwalior formation. Where the Vindhyans rest upon the 
Gwalior beds, the rock is rather a breccia than a congiomerate, the 
included fragments being quite angular. The amount of this debris 
throughout such a length of outcrop, to such a distance from the nearest 
known area of Gwalior deposits, suggests the extensive removal of these 
peculiar rocks from the position now occupied by the gneiss. 

There are general characteristics peculiar to each of the great sand- 
stones* The Kdimur rock is fine grained, greyish, yellowish or reddish 
white, sometimes speckled brown. False bedding is frequent and massive 
beds are abundant, but on the whole the bedding is of moderate thickness, 
sometimes flaggy and shaly. The Rew^ sandstone is somewhat coarser, 
and generally presents a mixture of massive strata and false-bedded flags. 
The Bhander sandstone is softer than that of the lower bands, very fine 
grained and generally distinguishable as of deep red with white specks^ 
or of pale tints with or without red streaks. The beds are generaliv 
thinner, and not more than 6 to r8 inches in thickness, but massive 
beds also occur, as is exemplified by the great monoliths cut from the 
quarries at Rupbds near Bhartpur. Ripple marking is common through- 
out the greater part of the Vindhyans, and occurs in great profusion and 
variety in the upper Bhanders. 

The different shale bands of the upper Vindhyans do not present any 
constant distinctive characters. Thin, sharply bedded, flaggy, silicious or 
sandy, sometimes micaceous shales, of greenish and rusty tints, form the 
prevailing type throughout, Purely argillaceous shales are rare. 

In the main Vindhyan basin diamonds are only known to occur in the 
upper Vindhyans. Here, as elsewhere, the great majority of the diggings 
are alluvial, but the principal workings, upon w'hich most labour is 
spent, are in a bed at the very base of the Rew^ shales. Notwithstanding 
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the' imniease range .of this .group, it is, only knovvn , Co ,, be .productive 
within .a 'small, area of the Panna state, on the borders of the. Buiidelkhand 
gneiss, and , the surface diggings are confined to the same neighbourhood. 
Here .again, as already noticed' of the Banaganpalli mines in Soutlierii 
India,, the, diamond layer is -conglomeratic and the inference would seem 
to be that the diamond occurs as a pebble with the others. The obser- 
vation recorded^ that a particular kind of those pebbles at the Panoa 
mines is broken up and searched for diamonds, and that these particular 
pebbles are derived from a pecuiiar bottom bed of the lower Vindhjao 
series, would of course point to this latter rock as the original nidus of 
the gem. But the observation in question needs confirmation. 

The search for diamonds in Panna is not, however, confmed to posi- 
tions iu which the gems could be derived from any existing outcrop of the 
Rewd shales. There are numerous pits (all apparently surface diggings) 
in the gorges and on the slope of the upper Rewd sandstone south of 
Bacina^ and at a much higher eievation than any present outcrop of the 
bottom shales or of the lower Vtndhyans. 

The Bhander limestone is the most variable rock of the series. Some- 
times there is a considerable thickness, as much as 260 feet, of firm stone ; 
elsewhere there is very much less, the carbonate of lime being apparently 
disseminated amongst the calcareous shales associated with the limestone 
and partly taking its place. The limestone is generally earthy and 
compact, of grey, yellow or reddish tints, sometimes purer and either 
compact or crystalline. It was in this rock, at Nagode, that fossils were 
thought to have been found long ago by Captain Fraokiin ; they were sup- 
posed to be GtypkdBa^ and the rock was on this account assigned to the 
lias. It is not known what became of the specimens, and repeated search 
at the same locality has failed to verify the discovery. It is highly 
probable the objects discovered were not organic at all, and quite certain 
that the specific determination of them was fanciful 

The mutual relation of these sandstones, shales, and limestones is 
most intimate throughout the upper Vindhyan series. The passage 
upward, from shale into limestone, or into the great bands of sandstone, is 
always more or less gradual, by interstratification, while the change into " 
shale at the top of the great sandstone beds is as generally abrupt. Both 
the chief and minor subdivisions are wonderfully persistent over the 
wdiole of the great basin, all being found in both the eastern and northern 
areas into which the main area is divided by the Deccan trap. The lower 
Bhander and lower Rewd sandstones are very attenuated in certain 
directions, but there is an equivalent increase in the thickness of the 
enclosing shales. In certain positions, also , the great hands of shales thin 

p. 97 ; Memoirs^ ll, 71, (i860). ,, 
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out altogeAer, and the main sandstones coalesce. These reciprocal 
variations In the distribution of the coarser and finer deposits have distinct 
relation to position with reference to the border of the area^ the shales 
being in force towards the middle of the basin, and being replaced by 
sandstones near the margin, showing that this border is approximately an 
original limit, and that the actual basin corresponds pretty closely with 
the basin of deposition, lliere are local exceptions to this condition, and 
it is in the direction in which these exceptions occur, on the Ardvalli 
side, that the only recognisable distant outliers of the upper Vindhyans 
have been observed. 

A formation so constituted, and for the most part but little affected by 
disturbance, can result in but one form of surface. Accordingly the upper 
Vindhyan area presents a three-fold plateau, each step formed of one of the 
main groups, with minor plateaux, terraces or ledges corresponding to the 
various subdivisions. The thick sandstones form vertical scarps over a 
talus of the underlying shales. There is, moreover, a basin shaped lie of 
the beds, apparently to a great extent original, whereby the surfaces are 
rendered more or less concave, and the edges of the successive scarps of 
sandstones scarcely higher than the outer one, composed of the K4inmr 
rock. From this arrangement it follows that the upper group occupies by 
far the larger part of the area, even the middle step of the plateau, the 
edge of which is determined by the Rewi sandstone, being chiefly occupied 
by the lower Bhander shales. 

Over almost the whole of the area occupied by the upper Vindhyan 
beds they lie little disturbed and almost horizontal, and any violent effects 
of disturbance are restricted to the south-south-east and the north-west 
margins of the basin. Two local exceptions to this rule may be noticed. 
In the Fanwari ridge, south of Tirohin, the Rohtas limestone is capped quite 
horizontally by K^imur sandstone. The hill is more or less detached from 
the main plateau, and in the broken ground intervening, the sandstone is 
found dislocated and dipping in the most irregular fashion, quite inex- 
plicable by any ordinary mode of disturbance. The displacement is pro- 
bably due to the underground solution and removal of the Rohtds limestone 
and the consequent subsidence of the sandstone. 

The other special instance of disturbance is not local in the same sense 
as the last, as it is probably only a symptom of much more that is con- 
cealed. It has been said that over the wide expanse of Vindhyan rocks 
between Gwalior and Nimach, the Bhander and Rewabeds He quite flatly, 
and it has been presumed that to a considerable extent they stretch in this 
manner under the trap of Mdlwd, Close to Jhaira Patau, however, at the 
northern edge of the basaltic plateau, a sharp axis disturbance passes from 
the south-east, beneath the trap, to the north-west, throwing up the Vin- 
dhyan strata in an anticlinal flexure, with dips of 70® on each side. Along 
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this Steep outcrop the stand stone weathers into long narroiT ridges, Ihis 
feature' gradually dies out to' thC' north-west ^ It is\a hint that the disturb- 
ancOj which so violeiitiy affects the Vindhyans of the Dhir forest^ extends 
far to the north under the traps of Milwa. 

The disturbance of the strata along the south-south-east border of the 
Viiidhyan basin, to as tar west as Hoshangdbid, is plainly a xecurreneej^ 
on the same lines, of the compression which had produced the contortion 
and cleavage in the adjoining transition and gneissic rocks. It seems to 
have taken different forms in different parts of the grouncL Along the 
whole Se n valley, there is little or no faulting in the zone of disturbance, 
but atthe Soii-Narbadi watershed one or more faults occur at and close 
to the boundary, the east- north-east strike being remarkably steady 
ihroiighoub Down the Narbadi valley towards Hoshangabid, the dips ia 
the Vindhyans become unsteady. At Hoshangdbid, and again in the 
Dhar forest, there is a decided predominance of a north-west, south- 
easterly strike, and as the east-north-east strike remains constant in 
the contiguous transitioa and inetamorphic rocks, it may be infei red that 
the former strike is the laterof the two. It is that to which the features of 
the Vindhjans soutli of Nirnach and at Jhalra Pdtan conform. 


The north-westerii boundary of the Vindhyans is in the main a fault of 
great throw", along which the almost horizontal Bhander sandstone is brought 
into contact with the highly disturbed Arivaili beds. Beyond this 
fault there are a few small, but important outliers, composed of the lower 
members of the system. The largest of these occur south-west of Karauli, 
where a narrow ridge of Alwar quartzites is faulted against undisturbed 
sandstones of upper Vindhyan age on the south-east, and on the north-west 
is overlaid by two alternations of sandstone and limestone, the lower being 
regarded as lower Vindhyan (Rohtls group) and the upper as Kaimiin^ 
The beds have been compressed and are exposed in two narrow synclinals, 


about 20 miles in length, but there are small outliers of the lower beds to 
the south‘West of Nardoli, as far as the parallel of Ranthambhor. 

From just north of Bundi, extending almost to Indargarh, a narrow 
strip of Kdimur sandstone rests with little disturbance on the slates imme- 
diately west of the great boundary fault. 

The throw of this fault must be at least 5,000 feet, and there is natural-' 
ly some difficulty in accounting for a single fault of so great a throw 
having been formed subsequent to the deposition of the Vindhyans, and 
among beds which have undergone so little subsequeiit disturbance as 
they have. But we will find when treating of the Himalayas that the 
nature of the boundary between the Vindhyaas and the disturbed Arivaiii 
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beds is very siniilar to what we may infer is the contact between the 
tiiidistnrbeci deposits of ilie Indo-Gaiigetic plain and the disturbed beds of 
the Himalayas. Moreover, along the foot of the Himalayas, there is a strip 
of upper tertiary beds which have been disturbed, but to a less degree than 
the older beds of the range, while the equivalents of these beds are believed 
to occur under the alluvial plain, in perfectly conformable sequence wMi 
the most recent alluvium. Now, if these suppositions are correct, as is 
almost Gertaiiily the case, we can imagine that, after ages of denudation, 
the upper tertiary rocks of the Siwdlik zone will be almost removed, 
and the northern boundary, of what is now known as the Indo-Gangetic 
alluvium, will then exhibit very much the same features as the boundary of 
the Vi ndhyans towards the Ardvalli range now does. The upper beds 
will be in contact with highly disturbed rocks of much more ancient date 
along a great line of fault. Beyond this will be a few outliers composed of 
the lower beds of the series, the Siwaliks of the present classification, and 
to the north of these there will be a broad exposure of the wreck of a 
inountain range. 

In the case of the Himalayas the fault has been gradually formed pari 
with the deposition of the Indo-Gangetic alluvium, which is contem- 
poraneous in its origin with the principal elevation of the Himalayas and 
formed of the debris of that range. 

It is natural to suppose that the similar structure in the case of the 
Ardvallis indicates a similarity of origin, and that the great Vindhyan 
spread of Central India is formed of deposits which bore the same relation 
to that range as the Iiido-Gangetic alluvium does to the Himalayas. 

The suggestion is an important one since it would fix the period of the 
formation of the Aravalli range, or at any rate of its principal importance, 
as contemporaneous with the deposition of the upper Vindhyan rocks that 
were formed of its debris. It would account for the greater prevalence of 
sandy beds near this margin of the deposit and would place the original 
limit of deposition not very far beyond the present limit of the outcrops. 

Allusion has been made^ to some small outliers, believed to be of Vin- 
dhyan age, which occur on the north and west Bandelkhand gneiss. 
Ihey differ much in character, and their peculiarities of composition may 
help to explain their apparently anomalous position. Although the gneiss 
reaches high up under the scarp of Kaimur conglomerate all round the 
western border of the area which is described as a local edge of deposi- 
tion, these small outliers occur at the level of the low country. If they 
agreed in composition with the rocks of the main area, which are so strik- 
iiigly constant in this respect within that area, the fact might be at once 
explained by a subsequent change, of level, , hut such, is not the case* 

^ p, ,29. 
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The most curious of these outliers form a very broken chain ruonino- 
to' south-soutli-east from close under' the Pit scarp/ at 'Ltdera (7 miles east ■ 
of Aiitri) to Uchar on the Sind river. Most of the exposures are quite 
level with the plain^ or only to be seen in the beds of streams* In a few 
cases, as at L^dera and Pichor, they form narrow ridges up to 300 feet in 
height. The rock is sandstone of the upper Vindhyan type, and at the 
north end, close to the Par scarp, it contains large angular pieces of the 
banded Morir shales. Elsewhere it is quite free from coarse debris of any 
kind. From many clear sections it is quite evident that these ribs of sand- 
stone once filled a more or less cGntinuous run of cracks, fissures, chasms, 
or small valleys in the gneiss. On both sides of the Pichor ridge the gneiss 
reaches well up on the sides of the sandstone mass, with vertical surfaces 

of contact. In the low ground, at the point of the ridges, and in the 

small outliers, thin vein-like runs, of 3 feet wide and upwards, of the 
sandstone are well seen, completely let into the gneiss, as it might be 
filling an emptied trap-dyke, the rootlets of the wdder chasm above. 
Even in the larger masses no bedding is visible but sometimes, at 
the edge of the mass, planes of pseudo-lamination and even ripple 
marked surfaces occur parallel to the vertical wall of gneiss. The 
lines of ripple were horizontal, and the steep face of the ripple turned 
downwards in every case observed. Some of these features seem to 

necessitate the supposition that the sandstone was let into this position 

by disturbance, but all the other circumstances have suggested the explana- 
tion given. 

At Mahdrajpur, 10 miles south of Antri and miles east of the Vin- 
dhyan scarp, there is a small group of hills, about three square miles in 
extent, formed of fine sandstone overlying about fifty feet of flaggy shales, 
both of Vindhyan type. The strata are greatly disturbed, but most irre- 
gularly, as if compressed from every side* Although so much broken, the 
rock is quite free from vein quartz, wdiich is also a general character of the 
Vindhyans as compared with the Gwalior strata. 

The small hills of Son^r, 10 miles south-east of Narwar, and of MohAr 
16 miles farther in the same direction, present the same characters of 
composition and disturbance as at Mahdrdjpur. At Mohar a trace of the 
Kaimur conglomerate occurs in the sandstone above the shales, which 
cover a considerable area round the base of the hill, and may be looked 
upon as lower Kaimur. 

A consideration of all the peculiar circumstances of these outliers 
would seem to suggest that they may represent small local basins of the 
upper Vindhyans. It seems that the process of denudation all round the 
Vindhyan area has been to decompose, and remove thq chemically-consti- 
tuted metamorphic rocks which once formed high land around the sedi- 
mentary basins, whether this TelatidnAvefe original,, or due to subsequent 
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warping of the surface, leaving the softer but undecoraposable detrital 
rock to project where once had been depressions of the surface. 

To the west of the Aravalli range there are numerous exposures of 
horizontal sandstones, mostly hard and Usually more or less red in colour 
with occasional strings of pebbles.^ They are frequently false bedded and 
show ripple marks on the surfaces of the slabs. With these there occur 
exposures of a compact grey cherty limestone which is believed to overlie 
the sandstone, though no actual contact sections have beer, observed. 

Wherever these sandstones rest on older rocks, whether of the Maldni 
series or the tilted beds of the Ardvallis, the relation is one of complete un- 
conformity, usually accompanied by a band of strong conglomerate at the 
junction. On the east of the Ardvallis a similar unconformity is to be 
observed, but the westertj beds are even more markedly superficial with 
respect to the older rocks, which must already have been disturbed and 
elevated into a mountain range at the time of their formation. 

The outcrops of these beds are scattered over a large area in western 
Rdjputdna, but they are for the most part individually small and surround- 
ed by sandhills and alluvium. It is consequently very difficult to make out 
the true thickness, or even the superposition, of the beds in the different 
exposures, and it is possible that, in the neighbourhood of Pokaran beds 
which have been coloured as Vindhyan are really much newer.' The 
sandstones are darker in colour, somewhat softer, and contain more pebbles 
than near Jodhpur and are distinctly underlaid by a boulder bed consistino- 
of a fine matrix through which numerous large blocks, many of which show 
distinct signs of glaciation, are scattered. There is no record of such a 
formation having been observed at the base of the Vindhyans further east 
but a similar glacial boulder bed near Bip was regarded as Talchir. If the 
two are identical the Pokaran sandstones would belong to the Gondwdna 
system. They differ, however, in type, from any of the sandstones of 
western Rdjputana which can be referred to that period, and the glacial 
beds differ from those of Bap in being interbedded with dioritic trap and 
ash beds, and in the absence of boulders of the supposed Vindhyan 
limestone, which are extremely abundant in the boulder bed of Bdp.® 

In degree of induration, lithological character, and relation to the tilted 
beds of the Ardvallis, these sandstones and limestones closely resemble the 
Vindhyans to the east, and they are regarded, with a strong show of proba- 
bility, as of that age But, on the hypothesis of the relation between the 
Arivalli range and the upper Vindhyan sandstones which has been pro- 
posed above, there can never have been any continuity between the out- 
crops on either side, and it is incorrect to speak of the Jodhpur beds as 
outliers of the Vindhyan basin. They raust have been formed contempora- 

‘ XIV, 299, (i88s). 1 s Sfcords, XXI, 32, (1888). 
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neously in an mdependent basin of deposition and the connection between 
the two would be similar to that which subsists between the recent deposits 
north of the Himalayan range and the Indo-Gangetic alluvium. 


The rock systems which have been described in this chapter are remark* 
able as being the source to which all the diainoiids found in India— if we 
except the reputed occurrence of diamonds near Simla— can be traced, 
tiiGugh the actual workings are more commonly in recent stream gravels,^ 
In Southern India the principal source of the diamond is the Banagaii- 
palli group of the Karniil series near the town of that name, but they are 
also obtained at other places within, or just outside, the boundary of the 
Cuddapah basin. In the Mahanadf valley they are found near Sambalpur, 
just outside the boundary of the Cuddapah area, but have not been found 
in situ as yet. The third diamond district of India is near Patina, where 
the original home of the diamond is in the lower part of the upper 
Vindhyan series, though the possibility of its derivation from lower Vi ndhyaii 
beds has been indicated. 

This repeated occurrence of the diamond at, or about, the same geological 
horizon might be held to be corroborative of the general resemblance, 
which has led the rocks in which it is found to be classed together. But 
the evidence is of small value, for the diamond is in every case derivative, 
and its original source has not yet been found. 

About six years ago it was supposed that an original source of the 
diamond had been discovered in a volcanic neck near Wajra Karur, filled 
with a substance which closely resembled the blue clay of the Kimberley 
diamond fields. A more detailed examination has shown that the Wajra 
Karur rock is the product of decomposition of a basic volcanic rock, not a 


peridotite, like the Kimberley blue clay.^ Previous to this the rock had been 
thoroughly prospected for diamonds, but none were found in the matrix 
though diamonds have certainly been found on the surface after rain, and, 
as there are no outliers of Cuddapah or Karnul conglomerates within the 
drainage area, it was supposed that they must have been washed out of 
the decomposed volcanic debris filling the neck,® 

The conclusion is not a necessary one, for the rock filling the neck 
has been more largely removed, being more easily weathered than the sur* 
rounding gneiss, and the neck now^ forms a depression in the general 
surface of the country into which the diamonds might have been washed, 
A different origin for the diamond has been suggested by M. Chaper/ who 
believed that he had obtained diamonds, sapphires, and rubies from the 

^ Details of the known diamond localities will ^ Records^ XIX, no (i 885 ). 
be found in VoL HI of this Manual, pp.i- 5 » - * Sur une pegmatite diamantiffere de FHin- 

and Records, XXII, 39-49 (1889). dostan, BtdL Soc. GecL de Fionce.^idsevlQS, 

P. Lake, Raonh, XXIII, 72 (1890). XIV, 330, (1886) ; Records, XXIf, 39, (1889). 
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debris of a pegmatite vein in the gneiss. He did notj however, find any of 
lliese gems in their matrix, nor did he apparently himself, procure them 
from the debris. The evidence produced is of the slightest and has not 
materially helped forward the solution of the problem of the original 
source of the diamond. 

' It remains now to ■ consider briefly the relations of the roek systems 
described in this chapter to each other. In the first edition of this manual 
the Cuddapah . system was classed, along with the Gwaliors, among the 
upper transition deposits^ but subsequently the rocks of the Godd,vari 
valley, which had previously been regarded as Vindhyan were identified 
with the Cuddapahs of Madras, and Mr. Medlicott, abandoning his 
previous opinion, accepted the Cuddapahs as the equivalent of the lower 
Vindhyans.l Adopting this conclusion we have in the southern area 
two uneonformable series or systems, of which the uppermost is quite 
unimportant compared with the lower. In the central area much the 
same is the case, but in the northern area the two series are said to be 
nearly conformable and the lower is certainly much less in thickness 
than the upper. The first, and most obvious impulse would be to class 
the lower Vindhyans, the Pakhals, and the Cuddapahs together, as 
an older system, and the upper Vindhyans, the Sullavais, and the Karnuls, 
as a newer. The classification would be to some extent in accordance 
with the lithological resemblances of the rock series, and may be correct 
in the main, but the truth must be less simple than this. 

It is impossible to suppose that the lower Vindhyans of Central India 
can, in any proper sense of the word, be the equivalents of the great 
Cuddapah system, and if the account of the relation between the upper 
and lower Vindhyans given above is correct, it indicates a difference from 
that which subsists, between the Pakhal and Sullavai beds of the Goddvari 
valley, or between the Cuddapahs and Karnuls of Madras. If the Karnul 
series represents any portion of the Vindhyan system, whether upper 
or lower, it is difficult to escape the conclusion that the commencement 
of the Cuddapah epoch must date further back than the oldest of the 
typical lower Vindhyan deposits, and may be in part contemporaneous 
with the newest of those described among the transition systems, a supposi- 
tion strengthened by the resemblances which maybe observed between the 
banded jaspers, horostones, and porcellanic beds of the lower Cuddapahs, 
and the similar rocks of the Gwalior series. The resemblances are, how- 
ever, not such as amount to identity, and it is certainly more convenient 
for purposes of description to class these beds with these newer rather 
than those older than them. 


^ Records f XV, 2, (18S2). 


CHAPTER V. 


OLDER PAL.«O2:0IC SYSTEMS OF THE EXTR A'PENINSULAR 

AREA, 


The Salt^range — Centfal Himalayas — Unfostsiliferotis slates of the ouiter Himalayas — The 
Jaunsar system— The Deoban limestone— The Baxa series— Eastern Tibet and Burmaw 


In the last chapter an older palaeozoic age was accepted for the less 
disturbed unfossiliferous rocks of the Peninsula, on the ground of the great 
discordance that exists between them and the next succeeding beds, which 
are known to be of tipper palaeozoic age. in the extra-peninsular area we 
have no need to content ourselves with such indirect evidence as this, for 
the presence of older palaeozoic rocks has been proved, in three distinct 
areas, by the discovery of Cambrian and silurian fossils. 

The most important, because most fully studied, of these is the Salt*- 
tange, where an extensive series of conformable strata, nearly 3,000 feet 
in thickness, is divided into the following groups ;— 


Salt pseudoruorph zone 
Magnesian sandstone . 
Neobolus beds^ , 
Purple sandstone • 
Salt inarP 


450 feet. 
250 „ 
100 „ 
45 ^ >9 

i,SOO „ 


The complete sequence is only seen in the eastern part of the range, for 
the series is unconformably overlaid by the succeeding one, and the groups 
are successively thinned out to the west by denudation, as one after the 
other becomes the uppermost to be seen. 

The salt marl consists typically of a fine grained rock, varying from 
dull purple to bright red in colour, composed of very fine grained clayey 


^ This differs from that given by Wynne, 
(Memoirs i XIV, 69) as the thicker sections of 
his include part of the overlying carboniferoua 
beds. 

^ Dr.Waagen {PaL Ind.^ series xiil, IV, 44) 
has added, below this, a grey gypsum group 


and a lower purple sandstone* They are only 
seen at one place in the Khlsor hills, and 
there does not seem to be sufficient evidence 
for this addition to the series, especially in 
view of the doubts cast on the sedimentary 
origin of the gypsum {infra^ iii). 
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matter^ mixed with some disseminated gypsum and carbonates of both lime 
and magnesia.^ Tiie marl itself never exhibits the slightest signs of strati- 
ficatioiij^ nor are any coarser grains of sediment found mixed with it, but 
it acquires an appearance of stratification from containing beds of gypsum 
and rock salt, a few layers of dolomite, some beds of sandy dolomite in the 
lower part of the series, and near Kheura a six inch band of bituminous 
shale and some irregular patches of an obscure, dioriticdoo king, dark purple 
trap, said to be associated with paler purple volcanic ash. 

The most interesting and important of these, both as regards thick- 
ness and economic value, are the salt and gypsum deposits. The former 
appears to be somewhat irregularly developed and, except where mining 
operations are carried on, difficult to observe, but it is described as oc«. 
curring in regular beds wT ich exhibit distinct lamination. The greatest 
development is in the Mayo mines at Kheura, where there are over 550 
feet of salt Half of this thickness, or 275 feet, is made up of five beds 
of nearly pure salt, which is mined and placed upon the market wdthout 
being refined, the other half, known as kaiar^ is too Qdiithj and impure 
to be used in its natural state, and has, consequently, no marketable 
value. 

The impurities of the salt are principally sulphate of lime and chlorides 
of magnesium and calcium. In the Mayo mine a lenticular band, with a 
maximum thickness of 6 feet, has been found, composed of a mixture of 
ylvine (chloride of potassium) and kieserite (sulphate of magnesium, wnth 
one equivalent of water) , which also prevailed through a thickness of about 
seven feet below the syl vine band. Glauberite (anhydrous sulphate of soda 
and lime) has also been found. Epsom salts (sulphate of magnesia, with 
seven equivalents of winter) commonly crystallises in the passages of the 
mines on the surface of the salt marl and the kalar^ and, as this salt w’ould 
result from the absorption of water by kieserite, it appears to indicate 
that the magnesian salt is of common occurrence in the rock. 

Besides being disseminated through the red marl, the gypsum occurs 
abundantly in beds and irregular masses, overlying the salt as a rule, but 
also occurring more doubtfully in low^er situations. It is found everywhere 
accompanying the red marl and, at Mari and Kdlabdgh on the Indus as well 
as in the Khisor range, contains more or less numerous bipyraniidai crys- 
tals of quartz.® Sometimes layers of bard flaggy dolomite are found in 
thick masses of the gypsum and at one or tw^o places numerous large and 

perfect casts of hopper shaped crystals of salt are found in the dolomite 

■■ ' ■ ■ ■ ■ ■ 


^ MemoifSy XIV, 70, (187B). 

®C. S. Middleiiiiss, Records^ XXIV, 28, 
1891). 


® A. B. Wynne, Memoirs, XW ^ 73, (1878) ; 
XVilj 239, (1880) ; T. H. Holland, Records^ 
XXI V, -231, (1891). 



SALT MARL OF THE SALT RANGE. 


Chap. V.] 


Ill 


Till quite recently there would have been little hesitation in regarding 
this group of beds as sedin^entary in their origiiij and older than the sand^ 
stones -which overlie them on most sections. It is true there were always 
difficulties in the way of this interpretation, among which were the absence 
of stratification in the marl, the enormous masses of sea water whose eva« 
poration would be involved in the formation of the great beds of salt, the 
great age of tlie beds containing so soluble a mmerai and; more especially, 
the fact that much of the gypsum was known to be not fully hydrated, 
and Mr. Middlemiss^ has recently declared himself in favour of the 
theory, broached by more than one of the earlier observers, that the 
marl, with its gypsum and salt, is hypogene, and has come into its pre- 
sent position by a process analogous to that of igneous intrusion. 

The arguments in favour of this conclusion are two-fold and derived^ 
firstly, from the abnormal stratigraphical position in which the marl is some- 
times found and, secondly, from the mineralogical character of the marl 
and its peculiarities of structure and included minerals. 

As regards the position of the salt marl, it is ordinarily below the 
purple sandstone and the form of the boundary, imbaying up the deep 
valleys, is such as to suggest that it is in normal infraposition, but, 
according to Mr. Middlemiss, there is no transition between the two 
beds, and in the sections quoted by him there are numerous fragments of 
the sandstone scattered through the upper layer of the marl. Besides this, 
the salt marl is found at Iiigher horizons intruded along the cores of 
flexures and along fold faults. None of these observations are, however, 
of vital importance, as the features might easily be the result of pres- 
sure acting on a soft material like the marl. 

The second argument is derived from tlie condition of certain included 
fragments of dolomite. These are described as pitted, corroded and honey- 
combed, and showing, in one section at Kavhad, an ultimate passage into 
the red marl. In connexion with this, another section, two miles north 
of Burikhel, must be noticed, w'here the salt marl is immediately 
overlaid by the glacial boulder bed forming the base of the upper 
palaeozoic system of the Salt range. The marl here contains numerous 
large aggregates of a hard compact dolomite, whose peripheral portions 
are pitted or honeycombed and the cavities filled by gypsum, only the 
central portions being unaltered* In the boulder bed no trace of the marl 
could be found, whether as included fragments or by a colouration of the 
matrix, and none of the numerous dolomite pebbles, resembling those 
of the central portions of the lumps in the subjacent marl, exhibit any 
pitting or corrosion. From this it w^as concluded that the corrosion of the 
dolomite in the marl was of later date than the boulder beds. Here the 

^ Records, XXW, 26 
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■'doubt 'arises tlie 'dolomite fragments in tlie boulder bed might 
mot have been derived from the magnesian sandstone grou'p, rather than 
' from the dolomite- in the marl, unless indeed it is, claimed that the mar! has- 
here replaced' the dolomites of the magnesian sandstone group. 

It will be seen that the ’ evidence is not conclusivej but taken as a 
whole it 'throws. a considerable doubt on the hypothesis that the marl 
in its present condition was form.ed superficially, and this doubt is streng- 
theoed by the' manner in ' which inliers occur among the upper tertiary 
sandstones, in situations where its presence is difficult to account for, if 
it is of Cambrian age, ' 

In Koh^t there is another great development of salt which has been 
regarded as of tertiary age, and it would be natural to regard this, with its 
associated gypsum and marl, as the equivalent of that in the Salt range. 
It is said, however, that the Kohdt salt exhibits a difference of colour so 
constant and characteristic that it is always possible to say with certainty 
from which area the salt came. Too much w*eight must not, consequently, 
be attached to the other resemblances, but it would certainly be strange 
if two separate developments of salt, each on so large a scale, had taken 
place in closely adjoining areas at such wddely different periods as the 
lower Cambrian and tertiary. 

The discussion of the origin of the salt marl has been helped forward 
greatly by a recent investigation by Mr. Holland,^ who has shown that the 
associated gypsum was certainly formed by the union of water with anhy- 
drite. Not only are the inclusions in the quartz crystals all anhydrite, but 
the matrix proves to be a mixture of anhydrite and gypsum in varying 
proportions according to the degrees of hydration it has undergone. 
Anhydrite could not have been formed at the surface or at a lower temper- 
ature than 125° C. (257® F)®, nor could the quartz crystals in it have been 
exposed to a red heat, as at that temperature they would have been 
attacked by the sulphate of lime. He suggests that the anhydrite is due 
to the action of acid vapours on a pre-existing limestone or dolomite, and 
ill this we probably see the true explanation of the marl. It is not a 
hypogene rock intrusive in its present position, nor is it a sedimentary 
rock formed superficially as such with its associated gypsum and salt, but 
is due to the alteration of pre-existing sediments, whose exact composition 
is unknown, by the subterraneous action of acid vapours or solutions,^ 

The group next succeeding the salt marl is composed of even-grained 
sandstones, of a dull purple colour, containing carbonates of lime and mag- 
nesia. The lower 50 feet to 100 feet are more argillaceous and may 
indicate a transition to the beds below, but with this exception bands of 

* Records^ XXIV, 23I, (1891) ; XXV, 54 > I ® Hoppe-Seyler Poa^gendorf, Attnalen, 

I CXXVH, 16 1, (1866).^ 

^ Records^ XXiV, 243, (1891), 
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clay are rare or absent throughout the group. At the upper limit (lie 
colour of the sandstoties becomes paler and some but! bands are seer^. 
I'he sandstones show ripple marks but rarely, and the only trace of life 
they contain are a few, almost equally rare, obscure fiicoid markings. 

The purple sandstone group is succeeded abruptly, but conformably, by 
dark or blackish shales, associated with sandy and calcareous beds 
only some 20 to 100 feet in thickness, but extremely important on account 
of the fossils they have yielded. These have come from two horizons, one 
near the base of the group from a shale band containing Neobolm^ the 
brachiopod which has given its name to the group, and the other close 
to the top, immediately below the magnesian sandstone. 

1'he fossils from the lower horizon comprise the following species^ : — 


D isc hi 0 iep is gra ntd a ta « 
Sc h iso p holts r ugosa . 
Neeboliis w<%rthi. 
s, wgunei. 


, Lakh mi na linp^ulvidcs. 
5 , squ.i\7mi. 
Lingula kiiirensis, 

■ I .. .5 ivarthi. 

Fenestelhif 


I'he fossils collected by Mr. Middlemiss from the higher horizon have 
not yet been examined, but some fossils collected by Dr. Warth, which 
probably came from the same horizon, include® — 


Co'iocephalites wai'thi, Hyolithes njJinei. 

Olen us indie HS, ktissakensis, 

Oi'this warihi. 


Besides which a trilobite belonging to the genus Oie^iellushK^ been found 
by Mr. Middlemiss. 

None of the species from this group have been found in other parts of 
the world as yet, but Conocephalites tvarthi is said to be very close to 
Solenopleura cristata from the Paradoxides beds of Sweden. I he general 
facies of the fauna, however, leaves no room for doubt that the beds are 
of Cambrian age, and, consequently, the oldest in India whose age can be 
determined with any approach to certainty. 

The fossiliferous beds are succeeded by the magnesian sandstone 
group, which forms conspicuous scarps along the eastern part of the range. 
It consists of from 10 to 300 feet of hard, light cream coloured or white^ 
dolomitic sandstone or sandy dolomite, associated with which are beds 
of light coloured sandstones, and sometimes oolitic or flaggy bands, 
the latter occasionally covered with fucoid markings and separated by 
greenish or dark coloured shales. 

The topmost member of the system, as developed in the Salt range, is 
composed of thin bedded and flaggy sandstones, with interbedded shales or 

* PuL IndUa^ series 3 ciii| IV, ,9^^, (1891), ^ PmL Indicu^ series xlii, IV, 104* 
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clays, characterised by their bright red colour and by the numerous pseudo-^ 
morphic casts of salt crystals which cover the bedding surfaces. 'These 
casts are found indenting the lower surfaces of the separate flags, and there 
can be no doubt that they are due to salt .having crystallised out, by the eva« 
poratioii of salt water, and having then been covered by fresh sediment, 
which,' adapting itself to the angularities of the crystals, preserved their 
iorni in the casts now seen. , As might be .expected, these beds are unfos- 
siliferous, the only organic remains found being obscure fucoid impressions 
an.d worm tracks. 

In the Central Himalayas of Hiindes and Spiti a system of conformable 
strata, of older palseozoic age, w^as described by the late Dr. Stoliczka^ as 
the Babeh and Moth series, Mr. Griesbach, as the result of a more extend- 
ed survey, has recently rearranged these beds as follows ^ :~ 

^8, White quartzite, with limestone. 

* 7. Red crinoid limestone. 

. 6. Dark coral limestone. 

f 5. Flesh-coloured and brown quartzites and shales. 
(.4. Coral limestone. 

! 3. Red quartz shales and slates. 

2. Shales and silky phyllltes, with a great thickness 
of quartzites. 

I. Quartzite, generally purple and a great thickness 
of conglomerate. 

The whole of this sequence of rock groups is described as perfectly 
conformable throughout and separated by a slight unconformity from the 
beds above; it will therefore be treated as a single system for descriptive 
purposes. 

The three lowest groups are united by Mr. Griesbach under the name 
of the Haimanta (snow clad), a convenient designation for the great thick- 
ness of beds, intermediate between the silurian and the gneiss and schists 
which are either entirely unfossiiiferous or have only yielded organic 
remains too badly preserved to be identifiable. 

The Haimanta series is divided into three groups, the lowest of which 
is characterised by a great development of conglomerates, composed of 
rolled and* subangular fragments, among wdiich quartz and gneiss pre- 
dominate. The matrix is a hard, often deep purple coloured, sometimes 
partially schistose quaitz rock. The junction with the underlying schists 
is said to be transitional and often not determinable with accuracy, but the 
prevalence of coarse conglomerates points to an unconformity and the 
apparent transition may be due to the compression and metamorphism 
the beds have undergone. 

^ Memoirs, T, S7-24, (1865). ! 2 Memoirs, XXIII, 49-64, (1891), 


Carboniferous 
Devonian (?) 
Siulrian 

Haimanta system 
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The conglomerate group is overlaid by a great thickness of <>Teeiiish 
grey phyllites, slates and thicker bedded quartzites, traversed bv quartz 
veins, towards the upper part of which reddish brown and pinkish quartz 
shales are intercalated. They are said to resemble, lithologically the 
Simla slates and contain some very obscure fossil remains which" have 
been referred to Bellerophon^ with some Crinoid steins and casts of 
bivalves. 

The uppermost member of the Haiinantas is described as very constant 
and conspicuous and, consequently, very useful horizon in unra\clliii - 

the structure of the hills. It is described as consisting of bright red and 
pink quartz shales passing upwards into greenish grey shales and quartz- 
ites with pink and shaly partings. Somethin bands of deep red lime- 
stone are occasionally found in the lower part of the group. 

I he total thickness of the Haimantas is about 3,0 jo to 4,000 feet of 
which from 250 to 500 belong to the upper group. 

'Hie passage from the uppermost Haimanta be Is to the lowe.st, classed 
as Silurian, is gradual, and the two types of rock are interbedded at the 
junction. The lower Silurian beds, according to Mr. Griesbacb, consist at 
tile base of dirty coloured greyish pink quartzite, with calcareous partino-g 
passing upwards into grey shaly quartzites, alternating with dark blue'^to 
black coral limestone,— limestone being the prevailing rock of the group. 

The lower beds of silurian age are comparatively thin, being ouly*about 
300 feet thick, and are succeeded by from 1,000 to i,2oo"feet in the 
Niti sections, and much more in Spit!, of dirty pink to flesh coloured quart- 
zites, with greyish green intercalated shales, and some limestone bands in 
the lower part. In Spiti Dr. Stoliezka observed some contemporaneous 
trap in these beds,^ but none was seen in the Hundes sections.^ 

The upper Silurian quartzites pass gradually into dark grey or black 
limestone, generally concretionary, showing sections of Corals and Bra- 
chiopoda in large numbers, on the weathered surface. These again pass 
gradually into bluish grey and brownish red limestones, containing frao-. 
m^Txis oiCr molds » ^ 

The uppermost member of the system is composed of white quartzite, 
ranging from 350 feet to 800 feet in thickness. It was classed by Dr'. 
Stoliezka with his Muth series of doubtfully silurian age,® but according to 
Mr. Griesbacb, it is overlaid in Spiti with partial interstratification, by 
limestones of carboniferous age containing Athyris royssii, Productus 
etc.* ’ 

worked out and its relations fully determined 
there does not appear to be any benefit in print- 
ing a nominal list of the species that have been 
■desenbed. None of the fossils found In Spiti 
by Dr. Stoliezka were specifically determinable. 


^ Memoir Si Y, 20, (1865), 

^ A lar^e number of silurian fossils from 
General Strachey^s collections were described 
by Messrs. Salter and Blanfordin iSdS, and the 
collections made by Griesbacb, which are 
still In course of description, will doubtless add 
to the number. Until this fauna has been 
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On the accompanying map a very large area, in Kashmir and the 
nortli-west Hinicllayas south-west of the snowy range, has been coloured 
as Silurian, although a very considerable, if not the greater, portion of this 
area is probably occupied by post-siluriaii beds. This course has been 
adopted owing to the impossibility of distinguishing generally between the 
older and younger slates, ivhere all have been equally disturbed and are, 
as a rule, equally iinfossiliferous. In Kashmir the whole area mapped by 
Mr. Lydekker as belonging to his Panjdl system has been coloured as 
siluriaiij though it ha® since been showii^ that a considerable portion of 
this system is probably of upper palaeozoic age, and the same colour has 
been used in the Hazdra district for that series of slates with limestones 
and quartzites which are known as the Attock slates. 

The Attock slates, wdiich derive their name from being particularly well 
seen in the hills along the Indus south of Attock, consist of dark coloured 
slates and limestones, some sandstones and trap, both intrusive and inter- 
bedded. Nothing is known of their age except that, in the Slrban moun- 
tain near Abhottabdd, they underlie, with a strongly marked unconformity, 
beds which are older than the tiias.^ They must consequently be, in part at 
least, of older palccozoic age. On the other hand, it is certain that beds of 
secondary age are folded up amongst them, for limestone, containing 
Dicerocardium has been found east of the road between Khdnpur and 
Haripur, and Ainmoftiies east-south-east of Haveiiyan ^ ; quite lately, too, 
some fossils of decidedly cretaceous appearance vwere found by Mr. Gries- 
bach in the area mapped as Attock slates. It becomes obvious from this 
that the area coloured as siliirian contains both upper palaeozoic and mezo« 
zoic rocks, but, as it is impossible to separate these at present, it has been 
thought best to give one uniform colour on the map to the area occupied 
by the generally unfossiliferous, slaty series, except where sufficient in- 
formation is available to justify the separation of a distinct area of post- 
Silurian rocks. 

in Kashmir the Panjal system of Mr. Lydekker includes, besides slates 
and associated beds of transition and older palaeozoic age, a great series 
of beds w'hich there is good reason to believe are carboniferous and permi- 
an. These form the principal portion of the typical sections of the PanjYil 
system, and as they will be dealt with further on,^ there remains nothing 
definite to be said of the lower beds in this place. The Fanjdl system 
wms regarded as perfectly conformable to the underlying gneisses, but it is 
probable that uncoiiformable breaks exist, wdiich w-ere not recognised in 
the course of a rapid exploration. 

Further to the south-east a system of strata has been distinguished, 

^ Reenrds^ XXI, 139, (1888) j infra^ p. 135, 1 ® Records^ X.II, 121, (1878). 

2 Mew airs, IX, 335, (1872}. ,( 4 
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under the iiarae of Jaunsar, which exhibits considerable resemblance to the 
Haimantas and siliirian of the central Himalayas, The lowest beds, known 
to. belong tobthis system, n-te.' characterised by the prevalence of purple 
quartzites with intercalated red slaty beds and, low down in them/ a 
boulder bed, composed of large fragments of quartzite, dispersed through 
a fine grained matrix. 

In the upper Pabar valley the quartzites are found lying unconform* 
ably on the gneiss. In eastern Sinnur they appear to be underlaid by a 
great thickness of grey slate with a band about 300 feet thick of grey lime- 
stone, but the true position of these beds has not been established with 
certainty. In the Bangal valley of eastern Sinnur the pjirple quartzites are 
overlaid by about 200 feet of a dark grey felsitic trap, covered by as much 
more of mixed trap and ashes, which are of subaeriai origin, in north :M'n 
Jaunsar these are replaced by a great thickness of slat}? beds, mixed with 
bedded lava flows and impure volcanic ashes, and a band of limestone, some 
300 feet thick. Above the volcanic beds comes a great thickness of sub* 
schistose slates/ 

The purple quartzite beds exhibit considerable lithological resemblance 
to those of the Babeh series (Haimanta) and the volcanic beds may well be 
contemporaneous with those of silurian age mentioned by Dr. Stoliczka. 

South of the snowy range the Jaunsar system has not been recognised 
with certainty away from Jaunsar and eastern Sirnuir, but, low down in the 
Simla slates, as the beds which underlie the Blaini group in the Simla 
district have been called, there are some purple quartzites which may 
belong to the system, while there can be little doubt that the purple 
quartzites and volcanic breccias described by Mr. Middlemiss in west?ii’ii 
GarhwaP are of the same age. 

The Jaunsar system is unconformably overlaid by a great limestone 
series, which forms, and derives its name from, the peak of Deoban, north 
of Chakrdta, It consists of a pale to dark grey limestone, often more 
or less dolomitic, with interbedded grey shales. The limestone is frequently 
mephitic, in places contains numerous clierty concretions, and is occa* 
sionally oolitic.’^ 

The age of this limestone series is unknown, it appears to be uii- 
coiifonnable to the Jaunsar system and is certainly overlaid, with marked 
unconformity, by beds which there is reason to believe are of carboniferous 
or permian age. Outside Jaunsar it has not been identified with certainty^ 
but is probably represented by the great limestone formations seen south- 
east of the Chor, in the Shall mountain, in Kulu, and in GarhvvAl and Ku- 
maun. The correlation, which is based on general lithological resein- 

xxr, 131, (1888). . 1 » XX, 34, (1S87}. 

® Rccmh, XX b >33i (rSSS). 
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blance and relative position in the series^ derives great support from the 
discovery^, in' ' the limestone of Kulu^, Jaimsar^, and 

structures/ exhibiting considerable resemblance to each other, which may 
be merely concretionary but are quite possibly of organic origin. 

In the eastern Himalayas Mr. Mallet distinguished a series of beds 
named after the hill fort of Baxa/ composed of variegated slates'^ 
quartzites and dolomite, the latter being the most promisient member 
of the series and having a thickness of 1,500 feet. The dolomite is 
described^ as generally massive with obscure beddings but frequently shaly 
and passing at times into a dark grey slate. It is sacchal^id^ light grey^ 
rarely while in colour, with nests of more coarsely crystallised calcite and 
drusy cavities, lined with the same mineral, scattered through it. There 
is also a strong band of quartzites and quartz schists, and carbonaceous 
slates have been observed. This series w^as regarded as younger than the 
Damudas, but, as has already been explained,^ it is probable that the section 
was ministerpreted, and it should be looked on as older,, probably consi- 
derably older than the Damudas, and consequently of lower palseozoic 
horizon. 

Further to the east devonian fossils were found by the Abbe Des 
Mazures near Gouchou in eastern Tibet/’ but no other older palaeozoic 
rocks are known along the eastern frontier till near Mandalay, where 
Dr. Noetling has recently faund a shaly limestone containing Crinoids^ 
Orthoceras and a species of Echinosphse rites d The latter of these alone 
would be sufficient to stamp the beds as silurian. These older palaeozoic 
beds are no doubt largely developed in the country east of the Iraw^adi 
valley, but no details have as yet been published. 

^ Geol. Mag., 3rd dec., V,. 257, (i?8S). 

Recm-ds, XXI, 133, (18SS). 

your. /is. SiC., Bejig., IH, 62S, (1834). 

Memoirs, XI, 33, (1874). 


^ Supray p. 76. 

® Comptes Rcndus, LVIII, 878, (1S64), 
" Re£ 07 ds, XXIil;. 79, (1890). 



CHAPTER V[. 


CARBONIFEROUS AND TRIASSIC ROCKS OF EXTRA-PENIN- 
SULAR INDIA. 

The Salt range — Central Himalayas^ — Carbonaceous system of the outer Him;:llayas~-Kashnifr 
— Hazara — Afghanistan — Tenasserim—Unfossiiiferous slaty series in southern Afelsanistam 
—Arakan— Manipur and Naga hills. 

The upper palaeozoic rock groups, of peninsular and extra-peninsular 
India alike, bring forcibly before us the impracticability of a rigid ap- 
plication of the European divisions of the geological scale. Almost 
everywhere the palaeozoic rocks pass upwards, without an unconform- 
able break of any importance, into beds of mesozoic age, and it will be 
found convenient to class the upper pateozoic and trias together in the 
description, as it has been found necessary to do on the map. But with 
this exception the carboniferous and triassic rocks of the two areas pre- 
sent so strong a contrast that it is necessary to treat them separately. In 
the Peninsula they are represented by a great system of subaerially 
formed river deposits known as the Gondwdna system ; in the extra-penin- 
sular area the rocks of the same age are of marine origin, and as their age 
can be more satisfactorily established, and they form an important link in 
the chain of argument by which the age of the Gondw^oa system is 
determined, they will stand first for description. 

The Salt range — but now in its western half — is again our typical 
area, where the series is best exposed, most fossiliferous, and has been 
most completely studied. It has there received a considerable amount 
of attention from the Geological Survey, as well as from independent ob- 
servers, and the classification now adopted is more complete than the 
simple division, into speckled sandstone and carboniferous limestone, 
originally adopted by Mr. Wynne.^ The first of these names may, how^- 
ever, remain to distinguish one of the principal divisions, and for the 
other the name Procluctus limestone, proposed by Dr. Waagen, will be 
used, as the term carboniferous is misleading, 

^ Memoirs, XIV, 69, (1898), The descrip- account in Pal. Tndica, series xiii, IV, (1890/ 
tion of these rocks is based partly on Mr. 91). , The palaeontological data are all taken 
Wynne’s memoir, and partly on Dr, Waageu’s from Dr. Waagen^s account, op. Hi., Voi. L 



120 GEOLOGY OF mDi/4 — CARBONIFEBOL’S AND TKIAS. [Oilap. Yf 

riis oldest member of this system was distingnisbed by Mr. Wynne as 
the speckled sandstone. It rests uiiconformably on the older palieozoic 
rocks, and is usually, if not invariably, characterised at its base by a boulder 
clay,.formed of a fine grained matrix of shale or sandy shale, usually olive-^ 
green in colour and weathering intoacicular fragments, through which are 
scattered blocks of hard rock, ranging to several cubic feet in siz“ 
almost invariably subangular and frequently shon ing faces that Imve been 
smootbeo, polished and striated in the manner characteristic of o-lici--^ 
action. 'Jhe.^e fragments are principally composed of slates, quarlAies 

and crystalline rocks, whose nearest analogues are to be found yso niile-^ 

to the south, in the syenites and porphyritic felsite of the Malani series hot 
mixed with them are numerous fragments of the older pateozoic beds of the 
Salt lange, more especially ol the magnesian sandstone. 11, e <r!acial ori<rin 
o these beds is so obvious, and the resemblance to a bonldercC t":: 
c-ose, that it is difficult now to understand how there should ever Ii-n-e 
been any doubt regarding its mode of origin, were it not for the difficnltv 
of accounting for the presence of glaciers and floating ice at sea lefi' 

Hi so low a latitude, at a period when, on ^ /rwr/ grounds, a milder 
climate might have been expected to prevail than at tliepresent dav T 
difhcu ty js increased by the apparent derivation of tiie included fraameit 

de^aTt >r ' a much larger problem which cannot be fully 

dealt with as yet, and we must be satisfied with acceptin<^ the fact rvf n 
existence of glacial conditions at sea level. ° ^ ^ ^ 

Many of the glaciated pebbles of this bed show a peculia.-itv ■ 

rare in other glacial boulder clays. Instead of being smLthid and ^ ’ ’’ 

on one or two surfaces only, they often have a number of flat sipf- 
Jug at obtuse angles and each showiinx a different dir c'- 
It is i,. evids,..t,.a,, f.» had it. tJlir::," 

had been slightly shifted so as to offer a fre.sh surface and V * 

• fthis process, cany «f the pehhl.s l.avo ac,":?. Scotted t 

as il they had been grouiul by a lapidary. ' ‘ ppoarance. 

In the trans-Indus extension of the Salt rano-p flif. ke. i i 

ia.d by grey shales, in ivhich three specie^ 

and Caniiamurpha 
itid/ca, have been 
found,® but east of the 
Indus a more extcn.sive 
and most interesting 
fauna has been obtained 
from the beds which im- 
mediately overlie tlic 



Fig, e.—Conuhiri,! ■nf.Trt.'ii, Waag., nat. 


isize. 


A. B. \Yyiine, Geol. A/air -rd d-’c III 
J3k (iS«6)f H. WartB, ideouis, XXl, 34 " 
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boulder clay. The first indication of this was the discovery by Dr. Wartb 
m oi Comclarm as his fo.ssils were obtafiied from trans- 

ported pebbles, their importance in fixing the age of the beds they were 
derived from was disputed. Subsequent research has shown that, though the 
nodules in which they are preserved are certainly transported pebbled, they 
must have been of almost contemporaneous origin with the bed in which they 
are now formed. Moreover, some fossils from a sandstone band above the 
conglomerate indicate a precisely similar honiolaxis to those in the pebbles, 
and in discussing the relations of the fauna we may take it as a whole. 

The fossils obtained from the conglomerate band are given in the fol- 
lowing list, where the letter ^ indicates that the species is also found in 
the marine beds below the coal measures of New South Wales’ : 

A. Pletirofomaria niida, 

Biicania watfhi* 

A. Conidaria Imvigata. 

A, Contdana tenuistnuta, DiscinaySp* 

Cmitlana %iKirthi Discini&a warfhi, 

A. Sangttinoliies c£. mitchelli, 

„ ienison i* 

N?i:zda, sp. 

Pse idomoyiotis siibradiaUs, 

From the associated sandstones the following four species were ob- 
tained : ^ — 

A, Etirydes^yia glubostmi, | A. Enrydct^nia cordatitni, 

A. eUipticum, [ A. MaoniagmcUis, 

Tlie most noticeable point about this fauna is the very large proportion 
of species^ thirteen out of twenty-two, which are identical with forms 
found in the marine carboniferous beds of New South Wales, a proportion 
which not only shows that the two are approximately contemporaneous in 
origin, but that they must have been deposited in the same great marine 
area, with free communication between the two localities. The Australian 
beds were formerly regarded as equivalent to lower carboniferous of the 
European sequence, but are now considered as upper carboniferous, if not 
homotaxiai with the penno-carboniferous of Europe. 

The number of identical species would of itself be sufficient to place I 
the Salt range boulder beds on the. same horizon as the marine carboni- 
ferous beds of Australia, and it is a remarkable fact, whose importance 
will appear hereafter, that these same marine carboniferous beds of New 
South Wales have been found to contain large boulders of foreign rock, 
exhibiting distinctly glacial smoothings and striations, imbedded in fine 
grained silt, along with delicate Fenestellm and bivalves whose valves are 
still united in the position, in which they lived and died.^ 

^Pal. Indlca^ scries xiii, IV> 6o, 145, (1890-9!). | "^Pal, Indica^ series xiii, IV, 147, (!89i). 

XIX, 41, (1S86), 


Serp iditis u nd ttla tus. 
„ wart hi. 

ff iubiit 


A. Avtctiljpecien ci, Ufyuv/orfiiis, 
A. Martiniopsh darwiin. 

A. Chonetes cracowei^sfs. 
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Chap-TI-l'^ AND PERMIAN OF THE SALT RANOE* 

; ' Australia is not^^ place where glacial boulder l^eds of 'iipper 

palaeozoiG age have been found, and we shall have frequent occasion to 
refer to evidences of glacial action and will use such evidence for purposes 
of correlation, when palaeontological evidence is wanting. But as the real 
iiiiportance of this horizon is in establishing the homotaxis of the Good-* 
wina system, the fuller consideration of the recorded observations in 
other countries, and the discussion of the validity of this metliod of cor- 
relation will be deferred till that rock system is dealt with.^ 

This group of glacial and fossiliferous beds is overlaid by about 400 
feet of mostly light coloured, reddish or purplish sandstones, unfossi* 
liferous except for some obscure fucoid markings and plant impressions, 
known as the speckled sandstone group.^ The sandstones are interbedded 
with some red shaly bands, and lavender, coloured and purple argillaceous 
and gypseous bands, which are especially prominent near the top of the 
group. Ripple marks and oblique lamination are frequent, and the 
weathered surfaces of the sandstone is frequently studded with rounded 
knobs due to a local concentration of the calcareous cement. 


Above the speckled sandstone comes a great series of beds which 
have long been known for the wealth of fossil remains they contain, and for 
the presence in them of Ammonites associated with Brachiopods of 
palccozoic type. The detailed classification of these beds is a matter of 
some difficulty; the first column of the accompanying tabular statement 
shows that adopted by Dr. Waagen, but if the distribution of the fossil 
remains, as shown in the tabular statement, is examined, it will be seen 
that this grouping ignores the two most prominent pateoiitoiogical breaks, 
that between the Katta and Virgal beds and the still more striking one 
between the Jabi and Chidru beds, nor is it, so far as can be judged 
from the published descriptions, what would be adopted on purely 
lithological grounds. The most important modification required appears 
to be the separation of the topmost, or Chidru, beds from the rest of 


the series, a separation demanded not only by some slight indication of a 
physical break and by the small proportion of species which are found in 
lower groups, but more especially by the complete change in the type 
of the fauna from one marked by the prevalence of Brachiopoda to one in 
which their place has been taken by the Lameliibranchiata. Excluding 
these beds, the other groups fall naturally into three divisions of two 
groups each, as indicated by the brackets on the right hand side, a group- 
ing that will be adopted in the following description. 

The two groups of the lower Productus beds are more distinctly sepa- 
rated than in the overlying divisions. The lower group consists mainly of 

chap, VIIL 1 ^ Memoirs, XIV ^ 90, (iByB), 
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soft sandstones, coaly near their base, full of fossils, contrasting in this 
point strongly with the lithologically not very dissimilar beds of the speck- 
led sands ton eyiii which no fossils have been found. The gi'oiip becomes more 
calcareous to the west, and in the trans-Indus extension of the Salt range 
is said to consist of limestone. The upper group is not very sharply 
defined from the lower, but is more calcareous ; where normally developed 
it contains many beds of light coloured yellowish or whitish limestones, 
intercalated with marly and sandy beds. 

The first point to notice about the fauna of this group/ W'hose general 
facies is decidedly upper carboniferous, is the entire absence of a single 
species also found in the fossiliferous beds at the base of the speckled 
sandstone, the only species presenting any degree of alliance being Bucania 
kattaensis^ which might be a modified descendant of B. warthi from the 

lower beds. The change is complete, 
and with it disappears al! connection 
with the Australian carboniferous fauna, 
to be replaced by a relationship with 
upper carboniferous and permian faunas 
of Europe. Not counting allied species, 
the lower group contains no less than 
Wi%,^,^PrQductiissemi-feiiculatus^yi‘&.x’i*i sixteen species identical with forms 
louver productus beds. found also in the carboniferous and 

permian of Europe, or in that series of strata, intermediate between the 
two, which the Russian geologists have distinguished under the name of 
permo-carboniferous. The names and distribution of these species will 
be easiest explained by the tabular statement below :*— 





Lower 

Upper 

Permo- 




carboni- 

carboni- 

carboni- Permian. 




ferous. 

ferous. 

ferous. 

Dielasma elongaium 


, 

... 


.-X- . , 'X-' 

Athyris royssii «... 


, 


-X- 

' „ X* ' 

Spiriferina cristaia 



... 


. X* 

Spiiifer siriatus , . . . 






„ marc Old .... 


. . 



'X- 

5, moosakhailensis 





: ''X* '"■'.''''■■"k.. - 

,, alatus .... 



4 • 4 


■ 

Mat it nia cL glabra • 



'X- 



Orthis indica • • • . 






,, pecositi * . . . 


■ .■'! 




Reiicularia lineafa 


. ;; 


i' 


Slrepiorhynchus pelargonaitis 




r \ "'X' 


Prnduct'iis lineatus , , , 





1 ->r 

„ Cora. . , * . 




1 ’ X- 

X- 

„ semireiicidatus 1 , , 





x* 

,, spiralis . • , 





X* 

'v,;„ 





■= .■ ; 


^ Complete lists of the fossils will be found in Fal, series xiii, IV, i6o, 182, (1890-91). 
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From this it will be four of the live species which are fcimd in 

the mountain limestone range up into higher beds, and all of the five found 
as high as the perinian are also found in lower beds, while there are four- 
teen species found in upper carboniferous and permo-carboniferous beds, 
seven of wdiieh have never as yet been found in newer or older beds. 
This fixes the boniotaxis of these beds as upper carboniferous, or inter- 
mediate between that and permiaii, a conclusion in accordance with the 
general aspect of the fauna. 

The upper group of the lower division only contains four species tliat 
are found in the pernio-carboniferous of the Ural niouiitains, of which only 
one is not found in the lower group. It also 

contains two species, Dielasma itaitubense, miA Splnfer marcoui, which 
have also been found in South and North America respectively. 

We have here evidence of a great change in the distribution of land 
and water from the time when the lower beds of the speckled sandstone were 
being deposited and the sea stretched continuously from the Salt range 
to New South Wales. The sea no longer flowed over eastern Australia, 
where fresh water sandstones and shales with beds of coal were beingf 
formed, and the barrier which, at an earlier period, shut out the European 
forms of life had been submerged, allowing the western fauna to in- 
vade the Salt range permo-carboniferous sea. 

The same sea appears to have extended eastwards into China, for, from 
thin beds of limestone above the coal of Lo Ping, a fauna of upper carbon- 
iferous type has been described, which contains eleven species also found 
in the Salt range. Oi these Reticular ia lineata^ Martinia glabra^ 
Orthis pecosiiy Produchis semireticulahis^ Strophalosla horresceMs^ and 

Richthofema stneusiSf are found in the lower 
group of the lower Productus beds, while aiiother 
species, Produciiis compressus^ is found in the 
upper group of the same division. The other 
five species are found only in the middle or 
upper division.^ 

The middle division of the Productus beds 
is the most important in thickness, and the 
most conspicuous owing to its forming great 
precipices in the western portion of the range. 
It consists principally of compact grey lime- 
stone, frequently dolomitic and full of fossils 
which are usually difficult of extraction, the 
Fig- 8.— Section num^t'ous Specimens obtained having been 

lower and middie J , r i ^ i i f 

Productus beds. mostly derived from marly beds mterstratineci 

^ Pal, Indica, series xiii, IV, i6S, (1891). 
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with the more compact limestone. Corals are common and, in places, 
they are accumulated in great reefs in which no bedding can be traced. 
The lower gioup of the middle division, which has a thickness of 200 to 
300 feet, so far as can be gathered from the descriptions, is overlaid by from 
10 to 50 feet of marly beds intercalated with thin limestone, which form 
the upper group. Silica, which is always present in varying quantity in 
the lower group, and sometimes forms large flinty concretions, is much 
more prevalent in the upper group, and the fossils are beautifully silicified, 
especially at Musa I\hel, and are generally very numerous. 

The fauna of this division is a very extensive one, comprising i6p dis- 
tinct species, and might eisily be extended by systematic collectino’.^ Of 
these tvyenty-two have been found in other parts of Asia and Europe 
whose distribution in time is shown by the following tabular statement 


Macfochcilus a^ellanoides 
Pseudonionotis goaf 07 tltensis 
CamefOphoHa humble ton ensls 
„ aiipetstes . 
SpirtgereUa derbyi . 

Athyris foyssii • 

Spiff e7ina cHsiaia 
Spinfer moosakha ilenszs 
Orthis cf, indica • 

Productus lineatus 
„ Cora , 

j, humholdii 

j, abichi , 

j, izimidus 

Marginft ra typica 
Fenestella perelegans 
Synocladta mrgulacea 
Thamniscus dtibius 
Acanihocladia anceps 
Spit or bis helix « 

GiinitseUa columnaris 
Stenopora cvata 


Carboni- 

ferous. 

Permo- car- 
boniferous. 

Permian. 

. 

... 

* ' : 

. 

... 

* 




* 

... 



* 


' 


•X- 



... 



... 


* 

... 



... 


, 


... 

... 


**■ 

... 



,-X-' ; 

' ... ' 

* 



••• 




... ■■■ 

■¥c 

'*• 



... 

... 


... 


•X* 


... 

... 


X. wux uc .cexx xxoiu me aouiar Statement that the fauna is distinctly 
newer m type than that of the lower division, and contains a larger proDOx^. 
non of exclusively permian forms. It is also marked by the appearance 
)f certain species with decidedly mesozoic affinities, namdy Nauh'lus 
^eregrmus Oxytoma atavum, which are allied to Jurassic species 
Hemtptychina tnflata has its nearest ally in the trias of Italy. Pecten is 

A fu.! hst of fossils will be found in Pal. Indica, series xiii,,IV, 6o, 186, 19'^, (1891). 



Xjyttonia teuu: 


■arfei-thensw, Ki»i 


Caraeroplicria purdoui Bav. 


Spitlfer rDoosakbailensis, Bav, 


CARBONIFEROUS (Middle Productus Limestone) FOSSILS. 








tO(2iscas carbsuaiHais, Waal. 


Productas ^radosv.s. Waa§, 


Oldbaroina decipien-a, 


Pielleropboa jone?iia.TiuH. Kon. 


PERMIAN (Upper Productus Limestone) FOSSILS. 
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seldom foimd, below the trias, and the , genus Old/iam/na has its nearest 
relation in the Thsetic P ier op kloios. These niesozoic forms preclude us 
from assigning, the group to an older date than the' permian, but the relation- 
ships are not close or extensive enough to justify assuming a more recent 
date than is indicated by the rest of the fauna. 

The tipper Prodiictus beds, "whose whole' thickness does not exceed loo 
feet, consist of light yellowish sandy dolomite impregnated with silica. 
The fossils are abundant and ahvays siliciiied, but usually only on the 
inner and outer surfaces of the shell. Rusty coloured ferruginous dolo- 
mites, which are occasionally found in the lower division, are not entirely 
absent from the upper one, but they are very rare. 

There is said to be a somewhat abrupt lithological change from the 
divisions immediately underlying this, but there is no corresponding change 
of the fauna, over one-third of the total number of species being also found 
at a lower horizon. The fauna is a very extensive one, no less than 175 
species having been recorded, and Dr. Waagen has expressed an opinion 
that this number might be doubled by systematic search.^ 

The general facies of the fauna is permianj though only eighteen species 
have been found elsewhere in beds that are believed to be of permian age, 
half in the permian of Europe and half in Armenia. But, mixed with these 
palaeozoic fossils, there are numerous forms which show- more distinctly 
mesozoic affinities than those found in the groups below.® Among these the 
most remarkable are the A mmomhd^ tepresenied by Cyciolobus oidhanu) 
Arcestes aniiguusj A» priscuSj Xenodiscus carbonarmsj X» plicatus^ 
Sagoceras hauerianum. When these were discovered, some twenty years 
ago,^ the finding of well characterised ammonites in beds containing numer- 
ous brachiopoda of palaeozoic types, and believed to be of upper carbonifer- 
ous age or intermediate between that and the permian, -was regarded as so 
extraordinary that doubt w^as cast on the accuracy of the observation. Sub- 
sequent researches have shown that, even if we exclude all the species having 
mesozoic affinities, there is nothing in the fauna to warrant us in assigning 
it an older date than the zechstein, or upper permian, of Europe, while the 
presence of the mesozoic forms, and their superposition on distinctly per- 
mian strata, leads us to regard the beds as even newer than this. The presence 
of true ammonites in these beds has consequently become less surprising 
than it was at first, owing on the one hand, to the establishment of the true 
age of the "Sdlt vdinge AmmoTiitidss hs uppermost permian, or even newer, 
and on the other, to the subsequent discovery of Cephalopoda closely 
allied to the Ammonitidm in upper palccozoic rocks, , - 

^ Full lists will be found xxi PaU Indicu^ | ^ Pal. Indica^ series xili, IV’', 213, 223, (189*). 
series xiii, IV, 60, 2ZO, 221, (1890-91), . | IX, 351, (1872), 
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The topmost productus beds of Dr. Waagen, here separated as the 
Cliidru group, are only about 15 feet in thickness, composed of soft 
light yellow sandstones, with coaly bands at the base in some of the sec- 
tions. No actual unconformity between these beds and those below has 
been detected, but a considerable interval of time probably intervened 
between the deposition of the two, for only seventeen of the sixty-three 
species are also found in the beds below, and there is a complete change 
in the type of the fauna from one in which the Brachiopoda comprise more 
than half the total number of species and the Lamellibranchiata less than 
one-tenth, to one in wliich the proportions are almost exactly reversed. The 
fossils are all described as more or less rare, except Margarttina schtva- 
gen\ which is said to be very common.^ 

The general type of the fauna is distinctly less palseozoic' than 
any of the preceding ones. Only four species Schi^odus 7'otundatus\ 
Nucula trivialis^ Pseudomomtis radialis, Aikyris sub-expama^ are 
identical wdtb permian forms of other countries, while of the species 
peculiar to this group twenty-four have palaeozoic affinities, and no less 
than twent3^-two are allied to mesozoic forms. So far as the palaeon- 
tological evidence goes we are already well on the way into the secondary 
era, even if the beds cannot be regarded as lowermost trias in age.® 

The Chidru group closes the conformable sequence of beds containing 
palaeozoic fossils. No unconformity between them and the next overlying 
beds has been established as yet, but one is suggested by a section, 
recorded by Dr. Waagen, in which the mesozoic beds followed immediately 
on the upper Productus beds, with a basal conglomerate but without the 
intervention of the Chidru group,® However this may be there must 
certainly have been a considerable time interval between the two, for not 
a single species bridges the interval and is found both above and below 
the separation of the Chidru group and the ceratitc beds which overlie it. 

The general aspect of the triassic ceratite beds is such that they might 
easily be classed with the Productus beds, the succession varies much as to 
details, but consists generally of a thin limestone with Ceratites^i the base, 
succeeded by a thick marly zone which yields readily to weathering, and 
tarns a light greenish colour. It is overlaid by grey sandstone, and 
flaggy limestone with many ceratites, passing upwards into grey nodular 
marls capped by hard limestones and calcareous sandstones. Some of the 
bands of limestone contain glauconite, and beds of conglomerate occasion- 
ally occur,^ 

Owing to these beds having been at first confounded with the under- 

^ A list o? species is given in Pal. Indtca^ 1 ^ Pal. hidica^ series siii, IV, 230, (iScd)* 
series xiii, IV, 6c, 228; (iSpo-p^)* j P Pal. litdica^ series xiii, IV, 227, (189X}. 

^ Memoirs^ XIV, 96, (1878). 
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lying Producliis, beds,, and to the -.later collections not liuviiig as yet heoii 
described, it is iiii possible to give a list of fossils. ■ Ceraiilcs abound aiub 
mostj probably, all of the species described by de Kbniock ^ are from 
triassk- beds. Besides, these, which are the characteristic fos>ils of the group 
species oi Or Ikocer as j ^inopiophora^ Cardinia^ Gervilia^ and RiiYficoHiiin 
are found, among which the bivalves predominate. The inor^.t reinarkaJdc 
fonii, however; is sl species oiBeHerophotiy genus not known to o:cur ia 
recks of later than pate 02 :oic.. age ill Europe. 

In the central Hinuilayas there is no marked unconformable break 
between the lower and upper palaeozoic rock systems, sucli as is found in 
the Salt range, aiid the carboniferous follows with perfect conformity on 
the underlying beds. 

The oldest rock group- which can be ‘regarded as carboniferous is a" 
criiioidal limestone, usually red in colour.^ Mr, Griesbach’s collect ions have 
not yet been examined, but some fossils brought by I\f r. f luglics from a white 
crinoid limestone in the Milam pass were ound by Dr. Waageii to 
include ® 

iJemipty china himalayensis, Spirifer glaher, 

NotothyrismhiesictilaYis. Prodiictus semireticulatiis, 

Afhyris royssii. Lyttonia^ sp. 

The horizon of this tauna is regarded by Dr. W^aagen as about that of the 
upper portion of the lower Productus beds. The crinoid limestone is over- 
laid b}" a series of line grained, hard, white; quartzites, in thick beds with a 
fewshaly partings, which were originally included by Dr. Stoliezka in his 
Muth series, in Spiti they are, according to Mr. Griesbach overlaid by, and 
partially interstratihed with, flaggy dark grey to blue limestones, which 
contain A thyris royssii^ Productus^ sp., marking them as carboniferous 
in age 

111 the Sp’ti valley General McMahon has recorded the occurrence,- in 
two places, of beds of fine grained slate, through which small rounded 
quartz pebbles are scattered. The similarity of this bed to that of the 
Blaini group, which will be described further on, as well as its structure, 
are suggestive of the action of floating ice. 1 he exact horizon of the bed 
has not been determined, and it is not certain whether it should be classed 
with the group just described, or that which overlies it/^ 

The white quartzites, with their overlying limestones, are abruptly over- 
laid by a group of shales. The junction is said to be unconformable, the 

^ Quart, Jour, Geol, Soc., XIX, ii„ (2^63). * Records, XII, 63, (1879). See abo 

'■* Memoirs, XXill, 59, (iSgl). Supra p. 114. ‘Sh (‘SSS). 

2 series xiii, IV, 167, (1891). ■ , ' 
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'unconformity being accepted on the strength of the sudden lilbological 
change, and of the shales resting in different sections on different horizons of 
the carboniferous strata. These shales, apparently together with part of 
the underlying quartzites, were dislinguished by Dr. Stoliczka^ as the 
Kuling series and regarded by him as carboniferous. Mr. Griesbach has 
divided them into a lower portion, composed of dark, generally black, 
somewhat micaceous shales, often carbonaceous, with coaly traces here and 
there, of permian age; and an upper portion of very similar shales, 
difficult to distinguish lithologically, though they are somewhat less earthy 
and micaceous, which he regarded as lower triassic in age. 

Of the fossils from the Kuling series, described by Dr. Stoliczka, which 
ivere probably for the most part derived from the lower part of the shales, 
Prodtictus semireticiilatus and P. pitrdoni found in the Productiis 
beds of the Salt range, the former in the lower, the latter in the middle 
division, but are both rare. Spirifer fnaosakh^ilensis is found in all three 
divisions, but is cibimdant only in the middle one. 

The sbaly beds pass conformably upwards into a great series of lime- 
stones, the Lilang and P^ra of Dr. Stoliczka, which have been subdivided 
by Mr, Griesbach as follows 


^Tipper 


Thtas . 


' Lower 


!G. Liver coloured limestone with greenish gtey \ 
shales in Niti, strong limestones elsewhere. ^ 
Corbis, sp. 

9, Friable shales and earthy beds in Niti, lime- 
stones and shales in Spiti and Nilang, 
Spirifer lilafigenis. 

.S. Limestone. Tfopiies^sp. . , , , / 

7. Earthy limestone and shales . . , . 

6. Black limestone, flags and dolomites. Da&- 
neiia, sp. 

5. Black limestone flags and partings of splintery 
black shales. 

I 4, Hard grey concretionary limestone in thick 
beds. Ptychiies geratdi. 

3. Earthy limestone. Rhynconella semiplecta, 

2. Lim< stones alternating -with Posidonomya, 
shales. ( sp. 

I. Dark shales and limestone part- \ Oiocems 

ings. ^ woodwardi. 


s.t‘uppr. 


iMuschelkalk. 


B’anU»nn<l“ 

sicia. 


Speaking generally, the lower part of the central Himalayan trias ma}' 
be described as a series of very dark, almost black, bard limestones with 
partings of shales; the upper part varies more, being represented by a great 
thickness of friable shales in the Niti and Milam sections, but in Spiti and 
to the east it is a limestone formation. The total thickness of the trias is 
about 4,000 feet in Niti, but probably exceeds that to the east ; In Spiti 


^ Memoirs, V, 24, (1S65), 


I ^ Memoirs, XX III, 69 , ( 1 S 91 ), 
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TRIAS OF T!U'; lli.MAl.WAS. 


Dr Stoliczk.; estioiated the ■ tlilckness at ijooo to 2 ,x:ho:) feet. ' llio liocle 
lying' Productiis shales are quite insigij.iik'aiu. 'in coniyarisoii ihls, hiM’*:' 
only 150 feet thick, ' ■ The ■ luost noleu-ortliy feature ef tie: llijieil;rur 
trias is tlua abuiKlaat; cephaJopod . fauna of ; the luwt'st hah, a kiuoa 
extremely .abuiidaiit: iii . .speciinens,' though ■not so extensive, as re!kirds 
specieSj and remarkable for its- transitional character between a palmLO'eic 
and raesozoic facies.,. .'. 


ill the ceDdra! lliiiidla-yas - the . t-rias is succeeded uith perfeci con*.; 

fonnity by yadhick series -of,, liniestones'^ .forrn;e.rl|^^ 
regardeci.- as; rbrntic ■ a.nd ■ lias,siG/,'- above,, whiclr 
comes an abrupt iithnlogical change, iiot known : 
to be ac('oinpanied h}' niu:oiiroriiiily^ aJ: tlie^ 
the jarassic' series. 

According to Mr. Griesbaclds c.le,script,!.oii ■'the'', 
combined rhretic and lias have a thickness of 
2,500 to 3,000 feet, of which llu* lias only com- 
p.rises^ 100, andare divided as 'follows : 




i: 9, — DiUt ne!fa (/ / u ^ iu} 

/ o m mel i, W 1 ss 111 . kl r ias ) . 


5. Black shales and dark earthy limesloncs with ouliiic s*; nurture; lower lias fossils. 
4. Grey crinuid limestones in irregular tlnii beds; Tcrcbmlnlj. lurridd, CieriiUn 

3, /Ve// limestone in thick beds. 

2. A great thickness of limestones and doloniilies, s[\ 

I. A great thickness of dolomites and flaggy dark limestones with ildck-bcdded 
dolomites, which pass downwards into ilie upper trias. 

In his original description of the rocks of Suhi, IJr. Sloliczka adopied 
a classilication different from the more recent one of .Mr. Griesbach for Die 
beds above the carboniferous. It is given lien c in abstract/" — ^ 


UcPER TAG.CIXG Hl.s).— Dark earthy or ddomitic bituminoas iimostonc; thickne.vs 
nearly i,('Oo feet. 

Lower 'i-aglixg [lowei' lias or rh^tic), — D^rk grey, breavn or black limestone,, 
often eart'h.y or biliiminous, weathering into a ruity brown; more ll an, 5,ouo feet thick. 

P,ARA Limes; ONES ^rhadic or itppcr /fh/s). —Black, doioniilic, strongly bituminoiis 
limestones ; 700 feet thick. 

Li LANG Series {upper or ^niddU — Dark limestone;-, calcareous shnics and 

slates; the limestone compact or oolitic and quasi-concretioaary in some of tlie luwcr 
beds; 1^000 to 2,oo(,> feel thick. 

Ill the preceding pages a brief outline of the published descriptions of 
the newer palreozoic and older inesozoic rocks of the central Hiuuilayas 
lias been given. No details have been entered into, nor has any attempt 
L'ceii made to dear up the discrepiancies which are ap[K-i.reiih as the fossils 
llivA have been collected in this area arc at present being exaininecl and dc- 
s-cribed, and it has already become evident that this exuniiiuuion will resiiii 
in a corjsiderablc modiheation of the correlations adopted up to now. 1 he 
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most important results obtained so far^ according to the distinguished 
palaeontologists, whose names it would be unjust to couple with conclusions 
so provisional in their character, are, that there is a very strongly marked 
palaeontological break between the siluriaii and the carboniferous, that in 
the carboniferous beds two successive faunas can be recognised, one allied 
to that of Australia, the other to the Procluctus fauna of the Salt range, 
and that the beds formerly regarded as rhaetic and lias sbotdd be classed 
with the trias, leaving a distinct paleontological break between the trias 
and jura of the central Himalayas, llie publication of these results, which 
it is hoped vrill not be long delayed, will be a most important addition to our 
knowledge of the stratigraphy of the centra! Himalayas, and will doubtless 
clear up many of the inconsistencies and uncertainties which now obscure it.^ 


The beds which have been just described are found m two great 
basins of disturbance, one of which stretches along the north of Kumdun 
and Garhwdl, the other occupies the valleys of the Spiti and Zanskar 
rivers and stretches beyond them to the neighbourhood of Kartse. Thv.y 
are found again in the Kashmir valley, but before proceeding to the de- 
scription of the outcrops it will be best to turn to the Simla district. 

I'he older rock systems of this area have already been described and 
we now come to that which has been named the carbonaceous system.' 
The beds of this system present certain marked peculiarities by which 
they have been recognised with a greater or less degree of certainty over 
a large area south of the snowy range, from the western b(»rders of Nepal 
to the confines of Kashmir, but it is only in the neigh!)oiirhood of Simla 
and the protected hill states that they have been studied in any detail 

The lowest member of the system appears to be pari of what has ab 
ready been referred to under the name of Simla slates.® This name was 
applied to a great series of slates, gritty slates and quartzites, in 
which no break has yet been detected, though it is highly prubahk* that om* 
or more will be established by detailed survey* Whether any of these 
beds should be classed with the carbonaceous system is open to doubt, 
but the uppermost ones appear to be perfectly conformable with a group 
of beds, which have so marked an individuality that they are of tiie great- 
est importance in unravelling the complicated structure of the hills, 
and in establishing the homotaxis of this system. The characteristic 

* As these pages were going through the J abundance of cephalopoda in the lowest beds, 
press a preiinnnary note on the Cephalopoda | where they are poorly representtn! in Enropt- 
of the Himalayan trias by Dr. hlojsisovics has j lAT, Akad. ftm., Wien, Cl, pi. i, (1892) ; 
been publishecL The whole range of the Euro- j 186, {1892). 

paan trias has been definitely recognised, | “ XXI,' 133, (iSSy), 

and attention is drawn to the remarkable ■ ^ Snpra, p, 117. 
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member of this group, which Mr. Medlicolt named BlaiiiP after the 
stream of that name, flowing westwards from Solan, is a conglomeratic 
slate, composed of rounded pebbles of quartz, ranging up to the size of 
a hen's egg, or, in other cases, angular and subangular fragments of slate 
and quartzite of all ^izes up to some feet across, which are scattered at 
intervals through a fine grained matrix. It contains numerous fragments of 
the volcanic beds of the Jaunsar system, where exposed in the neighbour- 
hood of their outcrop in the Naira valley in eastern Sirmur, and here even 
the matrix has much the appearance of a volcanic ash,^ though as a rule 
there is not the slightest trace of volcanic material either in the matrix or 
in the included fragments. This remarkable rock has been observed 
from east of Mussooree at intervals to beyond Simla, and is generally, 
though not invariably, accompanied by a band, 20 or 30 feet thick, of thin 
bedded, usually pink, dolomitic limestone, which lies 011 top of the zone in 
which the beds of conglomeratic slates occur. The agency by which 
blocks of stone were dropped over so large an area into a tranquil sea, 
in which alone the matrix could have been deposited, must have been 
no local one, and the only one that appears at all adequate is that of 
floating ice. No smoothed and striated fragments have been found as yet, 
though one is occasionally met with showing striation resembling those pro- 
duced by glaciers, but the rock has invariably undergone much compres- 
sion and disturbance, at times accompanied by a distortion of the shape of 
the included fragments, which might account either for the obliteration of 
distinctly glaciated surfaces, or for the production of those scratches 
which have been observed. No certain conclusion can, consequently, be 
drawn from the occasional presence, or general absence, of striation, but 
the only alternative hypothesis, that the rock is in fact the volcanic breccia 
which at times it resembles, appears to be excluded by the infrequence of 
volcanic material in it, and the absence of any other associated volcanic 
beds, while the included fragments are too mumerous to be accounted for by 
the action of floating drift wood. 

The boulder beds are overlaid by a series of shales or slates, charac- 
terised by the greater or less prevalence of carbonaceous matter, w^hich 
were originally described as infra-Krof, from the fact that they underlie the 
limestone of the Kroi mountain. The name has since been so commonly 
used in the publications of the Geological Survey that, in spite of a certain 
awkwardness, it cannot well be abandoned now. 

The carbonaceous impregnation of these shales is very irregularly dis- 
tributed, being often extremely conspicuous, especially where the rock 

* Memoirs, HI, pt. ii, p.30, (1864), The name 
was originally spelt Blini, being the Spelling 
adopted in the Atlas of India. The spelling in 
the text was subsequently introduced as more 


correct I^e<ords, X, 204, (iSjy). 
^ Records, XX, 156, (J887). 

® Memoirs^ Hi, pt. ii, 29, (1864). 
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lias undeFifone cnisliiiis;, but at other times wantin|y 5 . at any, . rate 'uear the 
surface. Not infrer|uently the ■ bla<'kest and most carbonaceous beds 
vreatlier almost white .by the removal .of the carbonaceous elemcht. 
Above these beds there is usually a series of quartzites of very variable 
thickness, varying from about 20 feet in the' sections south of the Krol 
mountain to some thousand feet in. western Garhw/iL They are very 
noticeable at Simla, forming the -whole of the Eloileauganj liill and the 
lower part of Jutoglq where they haw'.e been calkwl Dciicaugan j quarlzitcm 

I a western Garhwal, between the Tons and.. P.abar rivers tliese (]uanziieb 
contain fragments of undecemposed felspar, iisiially siilwingidar biU in some 
of the beds large and angular. niiKed ■'wdth'crii.ar'ttnmica and fragments of 
tfse arcesory m'nifierals of the HiiiwT’.aya-n gneissose granite and gneisses, 
the w’liole forming a rock which, having I ecfuue tTliattci In* a sn!^s4a]imn! 
slight melamorphisnij is sometimes difficult to difetingiush at llrsi glance 
from the true gneissose graoited 

The uppermost member of lire 'systeoi is another group of car- 
bonaceous slatesj associated with carbonaceous or graphitic !imcstonmv\ 
wliich pass upwaixls, iii. western Garliwal, into blue limestones. In the 
Krol inouiilain the uppermost ' beds are blue liniesbones wiili assoc ia ted 
shaly bandsj mostly grey in colourj ' thoiigiTthere is one disf inct zone of 
red shales^ but as no carbonaceous beds are associated with iheni, and 
as the tniflerlyiiig <:|iiariziie exliibils remarkable variatiens in thickness, 
it is uncertain whether these limestones of tl-e Kro! grinip are tlie 
eqtiivalenis of those just referred to or belong to a later iiiicorjfyrin- 
able system. 

The beds of the carbonaceous system contain mi incst of tlio st-c- 
tionsj interbedded basaltic lava flows and more oi impure \oli'anic 
aslwvs, either rec ogru'^able os snehj cr represented by liornbUiitie schists, 
ivhere the rocks lave beconm schistose. 1 iie range of llm Mdcaoic 
beds varies on different seclions. Tlieir usual position h in tlie upper 
band of carbonaceous shales, but they are also found among the c|imrtz- 
ites and in the upper part of the bifra-KroI, though they iicvci3 so far as 
is known, extend down as far as the Biaini groups 

III Kashmir fossiliferoiis beds of upper pakeozoic age are iindtTbaid 
by a great slaty series, the whole of which was grouped by Air. Iwalckker 
iii his Panjd! system^ and regarded as silurian and ramhriauj partly on ac- 
count of its underlying supposed carboniferous becls, partly on acc‘Oiiiii of 
the opinion regarding the age of the Blaini group which nas prevalent 
when he, wrote. A large part of these slates are doubtless of older paUco- 

^ Reemds, 'XX, ico, (iSSS).' ' ^ '} Records, i.#, (VsfS) 

i xxn, 200, (1883).' ' • 
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zoic age, but part at least appear to be more properly classed with the 

upper palaeozoics. 

I'he oldest of the beds with which we are at present concerned is a 
conglomeratic slate, composed of sub^ngular fragments and rounded 
pebbles of slates and quartzites, imbedded in a matrix of fine grained slate. 
The rock is in every way similar to the lilaini group of the Simla area, 
and the same arguments in favour of a glacial origin are applicable in 
both cases. Besides this, the Kashmir boulder bed occupies thesam^ 
position relative to fossiliferous beds of carboniferous age as the glacial 
boulder clay of the Salt range does relative to the Productiis beds, and as 
it is reasonable to suppose that the extreme cold which affected the one 
area must have extended to the other, we may take it as certain that the 
so called Panjal conglomerate is also of glacial origin, 

d he boulder slate is overlaid by a series of quartzites acd black car« 
bonaceous slates, in the upper portion of which there is an abundance of 
contemporaneous volcanic rock, and above these there are thin bedded, 
light blue and white fossiliferous limestones from which a number of 
fossils have been collected by different observers. The following list, 
quoted on the authority of Mr, Lydekker, includes all those known up to 
now ' 


Cephalopoda-** 

Orthoceras, sp. 

Lamellibranchiata — 

Avicula, sp. 
Avioulopecfen, sp. 
SoUnopsis, sp. 

Brag H 10 POD A — 

E P. Athyris 
A. E. P. „ royssii, 

Camerophoria^ sp. 

C lionet e$ (V) austeniana^ 


A. E. 


hiivdrensis var, tiheten 



sis, . 


9i 

Itxvls* 


Dtseina kashmiriensis, 

Orthis, sp. 

E. A. P. 

Prodnctus cora* 

E. P. 

jj 

costatus. 

E. P. 

y 

huniholdtl. 



IcBvis. 


SJ 

longispinus* 

E. A. 


scab ric ulus* 


9 

semireticulatus* 


99 

(F) spinulosus* 

E. P. 

99 

striatiis. 


Ret^ia^ sp. 




Rhynconella barusiensis* 

93 kasfimirieusis^ 

E. P. „ plenrodon dtmne* 

' uxmna* 

Spirifer harusiensis. 

„ kashmir ic lists, 

S, „ keilhaviii [S. Raja), 

A. P. „ moosakhailensis, 

A. P. j, sir i at us, 

' ■ . , *vercheri, ,■ , 

5 , ‘oihinna, 

E. A. P. Spiriferina octoplicata, 

E. A. P. Strepiorhynchns cremstriai ^ ^ 
E.- A. Strophomena romholdu Us var. 
am Inga* 

Terebratula aiisteniana* 

E. „ sacculus* 

POLYZOA— 

P. Fenestella (F) Upida* 

P, „ sykesu 

P. mega stoma, 

A. Protovetepora ampin, 

E. Vincularia multangulafis, 

Crustacea— 

E, Phdlipsui jj} seminif&rat 
t’syXXllj i5^» (tB 83 ). 
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To these may be added Ljtionm, which, according ior^Ir, Lydekker, is 
seen on the weathered surface of the,..li:niestones.T 

111 the foregoing list the letter E. .'denotes that the species is also found 
in the mountain limestone of Europe, 'A. in The marine carbon if twous ol 
New South' Wales, P in the Productus- beds' of the Sahrange, S in the 
Killing series of Spiti. The deterniiiiatioos ' are all on the aiuhority of 
■|j)r* Eeistniantel, as {^uoled .by ^'Ir. Eyclekkor* Or, W atrigen, who has 
adopted a narrower definition of a, species, finds only two, tv'j. /l//(r; 7 ,v 
siihtilita, Spirt serella derbyi, Waag., and Spiufer ma^.sakkaiieu- 

Dav., identical with Salt range forms- Disuna. hisbrnirieusis, i)av., 
is said to be almost identical with D. wariki, Waag.. from the beds at the 
base of the speckled sandstone, and Dr AVaagen is inc!int:rf to placi* the Kash- 
mir beds at a horizon intermediate between ihest: and the Prod iirtus beds, 
representing in fact part of the uiilossiliferous speckled sand-tone, Tiic 
number of species identical with, or, closely allied to, Aiisinilian forms is dis- 
counted by the fact that three-quarters of them are also found in Europe, 
but so far as it goes is more in accordance, .iviib .Dr. Whnageiibs correlation 
than with a later date, and we may coiidud.e. that the carboniferous fossil!- 
ferous beds, of Kashmir are somewhat, older th-aolhc lower irimluctiis beds 
of the Salt range. 

.The. carboniferous . of Kashmir is overlaid by a scries of limeslonrs, 
exposed in synclinal folds of various sizes, at either end and north of the* 
valley. They are the equivalents of the triassic limesioncs of Spiti. 
They are sparingly fossiliferous, and though a con side ral^le runiibrr' of 
forms have been obtained from them, the only ones speciUcally identi liable 
are Ammonites [PiychiieH] gerardi^ Megoiotian gryphoid^s^ am! Spirifer 
stracheyi. Besides these, stems of Crimids^ Orihoceras^ clfHiliiful Cera! Has 
and Goniaiiics^ and several genera of Gasieropocls and Corals, all more 
or less doubtful, have been obtained/^ 

It will be seen from the descriptions that there is a great similarity 
between the sections in Kashmir and the Simla area. In both, boiiltlijr- 
bearing slates of presumably glacial origin arc overlaid by a series of 
slates and quartzites, characterised by a carbonaceous imf>regiuitii)ii and liy 
the presence of contemporaneous volcanic beds, and in both the uppermost 
member is a limestone. The resemblances are not mere lithological ones, 
between rocks such as have always been in process of for mat toil at i'vcwy 
period of the earth’s history. They are exhibited by rocks whicli owe llieir 
origin to wide reaching causes which have only occasionally acted, and it 
is difficult to resist the conclusion that they are evidence of the eoiitempor- 
aneous origin of the two rock scries, and not merely accidenlal 

3 XVII, 37, (1884). '■ I « isS, (i$8jy 

^ Fal. Indka, series xiii, iV, 166, (iSgj). | ■ ' 
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The country intermediate between the Simla and Kashmir areas has not 
as yet been exaniined in any detail, but we know from Colonel McMahon's 
descriptions that similar carbonaceous beds with associated volcanic 
basaltic traps, underlaid by a conglomeratic slate resembling the Biaini of 
the Simla area, are found in Cliamba and near Dalhousie.^ 

These observations serve to link the Kashmir and Simla sections and 
strengthen the conclusion that was based on lithological resemblances. It 
has not as yet been corroborated by the discovery of fossils in the south- 
eastern area, though the rocks are in many places perfectly adapted 
for the preservation of organic remains. Even in Kashmir territory, once 
the drainage area of the valley is left, fossils become rare. As we go south- 
eastwards they become more and more sporadic in their occurrence, and, 
except ill one small area in western Garhwdl,^ not a single fossil of older 
date than tertiary has yet been found south of the first snowy range. 

The correlation of the beds of the carbonaceous system has long been a 
stumbling block in the way of our knowledge of Himalayan geology. When 
Dr. Stoliczka visited Spili in 1864, the rock systems below the Biaini had 
not been identified, and the section along the road through Simla was 
believed to represent pretty fully the sequence of stratified rocks in the 
lower Himalayas. He attempted accordingly to distribute the beds of the 
Simla section over the section seen in Spiti, and suggested that the 
Biaini ‘conglomerate' was the equivalent of certain conglomerates in 
the Muth series — Haimantas according to the classification adopted in 
this work — and consequently at least as old as Silurian.® It does not 
appear that Dr, Stoliczka offered this correlation as more than a guess, 
to which he probably himself attached small value. It seems certain that 
he did not recognise the peculiar character of the Biaini rock, but regard- 
ed it as an ordinary conglomerate, and he never saw the rock in the Spiti 
river, which is an exact equivalent of the Biaini conglomeratic slate. 
Yet the glamour of his genius has shed an importance over this 
guess which it was never intended to possess, and time after time the 
Biaini group has been unquestioningly referred to as sikirian. The more 
probably correct correlation was pointed out in i8S8^ and the evidence, 
then was practically as strong as it now is. It comes as near certainty 
as is possible in the absence of palaeontological evidence, while there is 
really no evidence worthy the name in favour of the older view. Yet such 
is the vitality of error that the older paleozoic age of the Biaini has been 
accepted without question in one of the latest publications on Himdlayan 
geology, and the very writer "who first drew attention to the probability 

5 Recr>rds, XIV, 306, (1881) ; XV, 34> j ^ Memoirs, V, Uh (jS6s). 

XVH, 34, (1884). ^ I^ecoids, XXI, 142, (1888). 
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of its being carboniferous or permian, is quoted as supporting tlic vilav 
wliich he combated.^ 

The other correlations of Dr. Stoliczka, of the quartzites of Boileauganj 
vrith the Killing, and of the Krol with the Lilang limestone of Spiti, are prob™ 
ably correct, and curiously enoug'h an apparent confiimation was piiDlishcd, 
about the same time as his memoir, in Professor Gumbel s description^ of a 
specimen from the Schlagintweit collectionj said to have been obtained at 
Dliarampur near Solan in the Simla district, containing three fossils, 
IJma lineata B.i\d Natica found also in the Muschelkalk of 

Europe, and a new species, Dharanipur in the neig]iboiir» 

hood indicated is, however, a well known locality on tertiary rocks, 
and specimen in question must have come from a totally distinct ground, 
probably in Tibet. 

In the Kdgaii and Kishenganga valleys, north-west of Kashmir, there 
are a number of small outcrops of carbonaceous slates, overlaid by white or 
buff crystalline limestone, folded into the gneiss and schists.^ Fliey are 
probably representatives of the upper palaeozoic and iriassic rocks of Kash- 
mir. They have not been closely examined or surveyed, and are mentioned 
here merely as indications of the former extension of these rocks, and as 
occiqiying a geographical position intermediate between the carbon-trias 
of Kashmir and of the Hazara district of the Punjab. 

At the extreme north-western extremity of the Hiiiicllayas, fossi- 
liferous rocks are found south of the snowy ranges in the district of 
Haziira,' No fossil iferons beds of carboniferous age have yet been identi- 
hed in this corner of the Punjab, and the only indication of their pre- 
sence, west of the Jehlam and north of the Salt range, is the dis- 
covery, by Mr. Lydekker, of Product us humboldti in a loose block of 
limestone near Hasan AbddlA The age of the rocks underlying the 
Iriassic group of the Sirban mountain near Abbotl^ibdd is uncertain, but 
they are quite unconformable to the underlying Attock slates, and may be 
carboniferous. They comprise two divisions; the lower consists of sand- 
stones, shales, and silicious limestones, all red in colour, with an arailla- 
ceous breccia, full of fragments derived from the underlying rocks at its 
base, but the published descriptions are insufficient to determine whether 
this may or may not represent the glacial boulder bed at the base of the 
carboniferous in tlie Salt range and in Kashmir. The upper division is 
composed of dolomites only, lighter in colour than the lower beds, often 
highly silicious and of considerable thickness. These dolomites are over- 

J Memoirs, XXni, 54 , (JSoi). f Memoirs, XXII, 205, (i$83), 

2 Sifsujjgsker, K , Bair, Akad. IFw, Mfin- Monmt, ist edition, p. SOi. 
chen, i865j Bd. 11, p. 364, 
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laid by a group of haematilic rocks^ quartz breccias^ sandstones, and shales 
which may belong to the trias.^ 

In western Hazara there is a great series of much contorted rocks to 
which Mr. Wynne has given the name of Tand.wal (Tanol),^ from the name 
of the district they are found in. They comprise an enormous thickness of 
grey and drab quartzites and quartzose beds, in rapid alternation with dark 
earthy beds, flaggy, shaly or slightly schistose, associated with conglome- 
ratic slates containing pebbles of qu artz and quartzite, ranging up to 
the size of a gooseys egg. In the synclinal folds are thick zones of various 
coloured pseiido-brecciated, silicious, cherly or compact, grey, black and 
buff dolomitic limestones, with which are occasionally associated intensely 
black graphitic and sulphurous shales, or else purple and red sandstones 
and slaty bands. 

These rocks, whose general description accords fairly well with that of 
the carbonaceous system of the Simla region, are regarded as the equi- 
valent of the beds below the trias of the Sirban mountain, chiefly on ac- 
count of their superposition and probable unconformity to the Attock slates? 
and partly because of the occurrence of red and purple slates and quartz- 
ites at the base of each. 

Triassic rocks attain a great development in Hazira, being 1,500 to 
2,000 feet thick in the Sirban mountain, and some 3,000 to 4,oco feet near 
Khdnpur. Owing to the disturbance they have undergone they occupy 
a number of small exposures, too small to be shown on the map, in the areas 
coloured as silurian and luiinmulitic, respectively. In the Sirban mountain 
tliey consist chiefly of black or dark grey, distinctly bedded, limestone^ 
with thick zones of massive dolomite, some of which contain numerous 
opaque lamiiu-e of quartz. Near Abbottdbdd, where the series is complete, 
dolcmites form the lowest beds, and are followed by thin bedded, fossilifer- 
ous limestones, containing Megalodon^ Dicerccai'dium^ Chenin’Usia^ and 
Gervilia. The dolomites are not always present, and the base of the series 
may be formed by the limestones, which are succeeded by quartzites and 
dolomites of considerable thickness, again overlaid by thin bedded lime- 
stones and slaty shales containing Nerinea^ Net iiopsisj Astarte^ 
Nuc'uia^ Lcdiij and Osirea^^ 

The other exposures of triassic rocks in Hazira, while exhibiting some 
variations, do not differ essentially from those of the Sirban mountain, and 
it is not certain how far the differences which have been observed may be 
only due to the obscuring effect of the intense disturbance they have 

Carboniferous and tria.ssic rocks can be traced along the southern slopes 

^ Memoirs, X, 3355 (iSja);' 

* iv't CQ-) X H , I 22 f U ^79) • 


Mcn^ohs, IX, 335, (1872). 
^ k€i.o I Xh\ 124, 0^79)’ 


?4o 


GEOLOGY OF INDIA— GARB,0>liFER0 US . AND TRIAS... ' CGLtP, ¥L 

of the Pir PanjAl and Dhdola Dhdr ranges^ but no fossils have so far been 
foundj except some obscure gasteropods in the Jehlam valley. 1 hey are oi 
the ordinary Kashmir type of quartzites and carbonaceous slates, underlaid 
by the boulder- bearing slates and overlaid by limestones. There are some 
inliers of massive grey limestone in the tertiary area, which are faulted up 
on their south-west side. No fossils have been found in the lirnesionej 
which is bedded, compact, dark grey to black in colour, resembling the 
limestones of the Himalayas, and is probably of triassic age or older. They 
have been coloured brown on the map, as that represents their mo.st 
prcbable age, biit it must not be left out of sight that tliey may well belong 
to the older, precarboniferous series of iimestones of the Himalayas or 
to a later post-triassic aged 


To the north of Kashmir a series of iimestones, slates, and quartzites 
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are found north of Iskardo (Skardo) in Baltistdn, which are probably triassdc 
and carboniferous in age. Further eastward beds belonging to periods 

stone taken to be of triassic age, 
Fig. io.—Sjfrmcrosph^sraverrncosa,Dn\icB.ii. Oil the northern Side of the Kara* 
koram pass. They are small, rounded or oval bodies of about an inch in 
diameter, and had long been known as Karakoram stones. Almost the 
last work of the late Dr. Stoliezka was the collection of a number of specie 
mens ivhich were described by the late Professor Duncan^ under the 
generic names of Syringosph;^ra and Stolu^karia^ the former including 
seven, and the latter one species. 


Marine carboniferous rocks are known to occur in Afghdnisidn, in 
the HerAt province, in the Hindu Kush,^ and north of the SaCed Koh, 

^ Records, iX, 53, (1876),* Memoirs, XXIt*. Umofds, XXH!, 80-88, {1890). 

202,(1883). 3 -e..L.Gnesbach, ief<:c)fcl«,XVin,,62,(i88s)s 

^ ^^cientific Results of the Second Yarkand XIX, 49,240,(1886)5 XX, 17, (1887). 

Mission, Syringosphseridse, Calcutta, 1879* 
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where they have undergone considerable metamorphism and are peoe. 
trated by granite veins.^ 

According to Dr. Fleming boulders of Productus limestone were found 
by him in the streams which flow eastwards from the SiiMiman range,® 
but subsequent observers have not been able to detect carboniferous rocks 
, in this range. , 

The marine carboniferous rocks are overlaid, in Herat and Turkestdn, 
by a series of plant-bearing sandstones with seams of coal, which appears 
also to be represented south of the Safed Koh.^ These are lithologically 
and stratigraphically the equivalents of the Gondwdna system of the Indian 
Peninsula, and as such their description will be deferred to a subsequent 
chapter.'^ 


In Tenasserim the only other region where marine deposits of carboni- 
ferous age are known to exist, there is a great accumulation of pseudo- 
porphyritic sedimentary beds known as the Mergiii group, ^ whose 
principal feature is derived from imbedded fragments of felspar. The 
rock in its normal form is earthy, but highly indurated, passing into 
slaty masses without the conspicuous felspar fragments on the one hand, 
and on the other into grits and conglomerates. Resting on these 
grits, are dark coloured earthy beds, finely laminated, with hard quartzose 
grits. These rocks cannot be less than 9,000 feet in thickness, and in 
places they must be i 1,000 or 12,000 feet. They have only been noticed 
hitherto near Mergui, and nothing is known of their relations. 

The beds of the last group in the Tenasserim valley are succeeded by 
the Maulmain groups of hard sandstones, often in thin and massive layers, 
with thin earthy partings, sometimes in fine laminae, the prevailing colour 


^ C.L. Griesbach, Records, XXV, 71, (*892). 
The statement that “ lower Silurian fossils from 
the Khyber hills were found by Dr. Falconer in 
the gravel of the Cabul river’’ was made by 
Colonel (then Captain) H. H. Godwin-Austen 
in 1866, in a paper which appears to have been 
drawn up from field notes without means of 
access to published information, and no refer- 
ence is supplied to any original authority ; 
Quart . ^onr. GeoL Soc* XXII, 29» (^866), No 
notice of the discovery of such fossils can be 
found in Falconer’s published writings, and 
the only original published statement is in a 
footnote to a paper by Captain Qua ft,. 

Jour. GeolSoc. Vfl ,45, (1851). Vicary him- 
self obtained “ a small Spirifer, Qrthis in abund- 
ance, a TerebraHda and some Pblyparia'^^ 
from limestone boulders in the watercourses 
near Peshawar. In a footnote he: adds> “Dr. 


Falconer obtained specimens of Spirifer, 
Orthis, and other palreozoic forms from these 
mountains several years ago.” Also, in a note 
by Sir R. Murchison, prefixed to Vicary’s paper, 
the discovery of paheozoic fossils is mentioned. 
Now, it is quite possible that the fossils collected . 
by Falconer and Vicary have been examined j 
and their age determined, but as this is not : 
stated, some doubt remains whether the fossils > 
may not have been carboniferous, as they were . 
said to be by Verchere \ Jour, As^ Soc. Beng.<, . 
XXXVI, pt. ii, 2i, (1867)], the Orihis being ' 
perhaps Orihistna or Sireptorhynchus creni” 
stria, formerly included in the genus Orihis. 

2 Quart, Jour, GeoL Soc. IX, 348, (1853). 
s C. L. Griesbach, Records, XXV , 79, (1892). ! 

. Infra, p. 196. 

® T. Oldham, SeL Rcc, Govt. India, X, I 

32,(1856). 
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is a reddish tint, and some of the layers are calcareons. Some of the 
more soft and earthj' beds contain marine fossils. Over these .sandstone .s 
occur grey shaly beds, also sometimes calcareous and fossiliferous, witii 
occasional beds cf dark sandstone, then come 150 to 200 feet of line soft 
sandstone, thinly bedded, with grey and pinkish shaly layers intercalated, 
and upon these again, hard thick limestone. The fossils found appeared 
to be of carboniferous age, Spirijer and Productus htma commone.st 
forms, but the species have not been determined, and it is rare to obtain 
specimens in a state suitable for identification. 

The thickness of these beds is estimated at about 5,000 feet, eschisivc 
of the limestone, which is itself 1,100 feet thick near Mauln-ain. 

Near Maulniain the limestone is estremeljf conspicuous, and furm.s 
large hills and ranges, extending far to the south-south-east up the vallev 
of the Attaran and Zami. The same rock occurs east of the Sahvin, but 
does not extend far into Martaban, and is wanting in the Siuaunr. 
valley. Farther up the Sahvin, however, in Karen-ni, and elsewhere 
beyond the British frontier, large tracts of limestone occur, probably be- 
longing to the carboniferous series. Limestone is said to abound in the 
Mergui archipelago, and may very probably be, in parts at Ica.-t, identical 
with that found near Maulniain. ^ 


Besides the rocks already described, wliidi can be ascrib.-d to a car- 
boniferous or triassic age with more or less certainty, there am sonic n.c;;,- 
coloured brown on the accompanying map. in south-east Afgi.anisida and 
in the hills east of India proper, whose true age is doubtful. ’ 

The first of these areas to be dealt with is in souihern .\fghanist,1n, 
where some unfossiliferous slates have been coloured on I he mao ..s 
carbon-trias. They form the Kliwdja Amran range, the .nonh'ol ih' 
Pishin valley, and on either side of the upper^Zhob vallev. 'i'hevare 
slates and quartzites, whose similarity to the slates of the Siml-i'ai-i 
has more than once been noticed. In the first published description 
they were regarded as a flysch type of the uummulitic shale.s a.ul lime- 
stones to the east of Quetta.^ Subsequently the same observer con.sidi.Tcd 
that they were more probably lower cretaceous,-^ but in the absence of io.-.si! 
evidence there is no more ground for this than almost any other con-e- 
ation. One thing seems certain, that they are not altered mtmmulitic.s 
for near Spira Raga, on the frontier road to Pishin, the same beds arc 


* Dr. Noetling’s discover}^ of silmirin fossils 
in the similar limestone or the Shan hills 
makes it possible that this liinestoue j$ silu- 
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found within a few miles of typical nnnimulitics which show all the crroups 
characteristic of that series in Baluchistan.^ ^ 

In this neighbourhood and in the hills bounding the upper Zhob valle ^ 
about Hindubdgh, the beds are penetrated by intrusions of serpentinous 
rock, porphyritic with crystals of diailage, precisely resembling the intru- 
sive serpentine of Burma and Manipur. Among the slates a bed con- 
taining subangular fragments, ranging to six feet in diameter, was observed 
7 he bed very much resembles the Blaini boulder bed of the Simla area, 
but no great weight can be attached to a single isolated observation like 
this. It has, however, taken in conjunction with the general lithological 
facies, and the resemblance of the serpentine intrusions to those of* the 
Arakan hills, been allowed to influence the choice of the colour to be 
adopted in the map, and these rocks have been coloured as carbon-trias 
with a warning note that the age is unknown and may very likely be 
younger than that indicated by the colour. 

There is some independent evidence of the possibility of triassic rocks 
being found in Baluchistan, for Dr. Cook has recorded the findino- of 
Orthoceras near KheUt, The other fossils found for the most part fndi- 
cate a cretaceous horizon and the section as described fits in very well 
with the knotvn cretaceous and tertiary groups of Baluchistdn ; there can 
then be no doubt of its correctness. On this ground it might be natural 
question the identification, but the brief description Dr. Carter ogives is 
incompatible with the idea that it was a Baculites or the pliragmocone of a 
Belemnite? It is more probable that there is an undetected unconformity 
and that both the cretaceous and the trias are represented in the section 

Between the Irawadi valley and the Arakan coast a tract of country 
has been coloured as carbon-trias on the map, with a note against it tba\ 
newer rocks are known to occur and probably form a large portion of the 
area. The beds so mapped compose the Arakan Yoma, a forest clad 
range only traversed by a single road and by a few difficult paths at wide 
Intervals, and, in general, absolutely inaccessible, except alono- the 
tortuous beds of streams. Anything like satisfactory geological surveyino* 
becomes almost impossible in such a region, unless some w^eli marked 
and prominent beds occur to afford a clue to the stratigraphy, or fossili- 
ferous belts are numerous. In the Arakan range neither is the case tixe 
rocks of the main range consist of rather hard sandstones and shales 
greatly squeezed, contorted, and broken, traversed by numerous small veins 
of quartz, often slaty, and sometimes schistose, but there is a marked, 
deficiency of any conspicuous strata. The few bands of limestone 
which occur are thin, isolated, and as a rule unfossiliferoiis. The rocks on 

they appear to be cortiruous with them. 

Bombay, Bt. Roy. As, Soc. VI, 190 


^ R. D. Oldham, MS. Report, 1891. It is 
not eaiablished that these rocks are the same 
as those of the Khwaja Amran range, though 
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the western, or Arakan, side of the range seem, on the whole, less altered 
than those on the eastern, or Pegu, slope, and unaltered mimnuilitic 
rocks appear, on both sides throughout a great part of the area, although 

not continuously on the outer spurs. 

The crushed, hardened, and somewhat altered rocks of .the .A-rakan 
Yoma were originally, separated by Mr. Theobald from the newer-Iookiiig 
nummulitics under the name of axials, and coBsidered as comprising 
the oldest tertiary ■ beds and their immediate predecessors in the series. 
Although there is a well marked difference between the niimmulitic beds 
and the axials, there is no distinct break between them. The two pre- 
sent an appearance of conformity, and it is far from clear that some of the 
axials are not merely nummulitic strata, greatly crushed and contorted. 
But subsequent to the preliminary examination of the area, a cretace- 
ous ammonite was found in Arakan, and amongst some rather obscure 
fossils discovered near the former frontier of British and Native Burma, west 
of Thayetmyo, were a few’ specimens referred by Dr. Stoliczka to the 
typically upper triassic Halobia lommeli. It became, therefore, neces- 
sary to distinguish both triassic and cretaceous beds amongst the axial 
rocks of the Arakan range. 

To the former has been referred a series of bard sandstonexs and 
shales, with grits and conglomerates, and a few bands of impure lime- 
stone, wdiich form the crest of the Arakan range at the old frontier 
of Low’^er Burma, and extend southward, nearly to the parallel of Proine. 
The only characteristic beds are some white speckled grits, inierbedded 
wdth shales and sandstones, and attaining a thickness of 1,300 feet, in 
the Hlwa (Lohwa) stream, 35 miles W’est of Thayetmyo ; a band of dark 
blue shale, part of which is calcareous, 33 feet thick below the grits with 
conglomerate; and some thick bedded shales, passing into massive sandy 
shales w^zth hard nodules interspersed, attaining a thickness of 1 io feet, 
and containing a Cardita and some undetermined Gasttropoda. The 
calcareous conglomerate passes into a rubbly limestone, and appears 
identical with the beds containing the supposed Halobia lommeli. To the 
iiortluvard a band of limestone, much thicker and purer than that of the 
Hhva stream, has been traced in several places. The speckled grits and 
conglomerates are, how^ever, more conspicuous and more characteristic, 
and it is mainly by means of them that the area of supposed triassic beds 
was mapped. 

The whole thickness of the group, appears to be rather less than 6,000 
feet, the characteristic beds just noticed being wear, but not at the base of 
the group. To the eastward these beds/are, in contact with nummiililic 
strata to the westward it is believed that cretaceous beds come in, but the 
country is difficult of access, and has not''been surveyed. Ilie area occu- 
pied within the limits^ of Lower Burma ia :e!ciigately triangular, broadtsi 
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at the frontier, where it extends for fifteen miles from cast to west, cind 
terminating in a point to the southward, west-by-north of Prome.^ 


The remainder of the rocks forming the Arakan Yoma, excluding ih.ose 
of cretaceous age, are either unfossiliferous or the few organisms which 
have been detected, mostly the indistinct remains of plants and moliusca, 
are insufficient to afford any trustworthy indication of age, The)^ have 
been classed by Mr. Theobald as Negrais rocks, the name being derived 
from Cape Negrais, the south-western point of Pegu, and the extreme 
southern termination of the Arakan Yoma. 

The Negrais rocks differ in no important particulars from the beds 
already noticed. They consist principally of hardened and contorted sand- 
stones and shales, intersected throughout by inmierous small veins of quartz 
and carbonate of lime. Limestone is not of common occurrence. Where 
seen, it does not generally appear in regular strata, but in huge detached 
blocks imbedded in the shales and sandstones, as if the latter had yielded 
•without fracture to the pressure wdiich dislocated the limestone. Conglo- 
merates also occur, sometimes passing into breccias. 

The alteration of these beds is most capricious and irregular. Fre- 
quently for a long distance they are apparently unchanged, except in being 
somewhat hardened ; then they become cherty, slaty, or sub-schistose, 
and cut up' by quartz veins. Oiie not uncommon form of alteration is 
exhibited by the rocks affecting a greenish hue, due to the presence of 
chlorite, such rocks being generally much cat up by quartz veins. In a 
few instances, apart from the serpentine intrusions to be mentioned pre- 
sently, irregular dykelike masses of either serpentine or a decomposed 
steatitic ,rock are found, but this is far from being of frequent occurrence. 
A more common form of alteration, seen along the coast north of Cape 
Negrais, is apparently due to the infiltration of silica in large* quantities, 
and is shown by the intense, and often abrupt, alteration of beds of saiuL 
stone into cherty masses. 

No satisfactory classification of these the main rocks of the Arakan 
Yoma has been practicable. They must be of great thickness, but the 
stratification is too confused for a clear idea as to the succession of dif- 
ferent strata to be formed, in the absence of any well defined horizon. 
Some of them appear to be a continuation of the Ma-i, or cretaceous group, 
but on the other hand it is impossible to draw any definite line of 
boundary between the hill rocks and the nummuHtics of Pegu. In 

^ It must be remembered that the specimen 
ascribed to Halobia lommeli was ,a mutilated 
and ill preserved one. Recent investigations, 
conducted while this work was passing through 
the press, and as yet incomplete, have shoi’y;n 
that the supposed triassic rocks , coiitam 

' ■■ ■, ^ t 


nummulites, and make it probable that most 
■ of the rocks of the Arakan Yoma are lower 
tertiary. As the results have not yet been 
.’fully worked out, the text is allowed to stand 
I substantially as originally written. 
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PcgUj, awny froin the base of tlio Iiills, coniparatively^ soft^ iinallorcclj fossi- 
lifiTOiis beds, belonging to the older tertiary period, are found, wliich appear 
to rest upon the hill beds, for, away from tire axis of the range, both ha%’e 
an eastwardly dip. The two rocks contrast strongly^, the nniiininliiics be- 
ing soft and tinchangedj. ' the liill beds hardened, ciusLed, and in places 
almost schistose,' but it is impossible to hx a precise, limit to either. 
The two are never seen in contact,' there is' no ^ evidence that they are 
faalted against each other, and there appears to be a belt, often two or three 
. iniles wfde,. of rock in. an intermediate condition.,' It appears possible 
that the rocks of the Arakaii Yoma comprise representatives, slightly 
altered, of both cretaceous and iiiimmulitic rocks, but there is no clear 
pu>of that these Arakan Yoma beds are identical with the Pegu nummu- 
litics, and it appears best to distinguish the hill rocks by a separate name, 
though it has hitherto proved iinpcssible to draw a line between the 
two.'.' ■ .. . ■ ' ' 

From the foregoing description it will be seen tliat fossils have only 
been found at two places near the northern limit of the coloured are^a, and 
that there is no certainty as to the extent of the older locks they indi- 
cate. The Negrais group was originally regarded as very j'Ossibly num- 
mulitic, the lithological difference and greater induration, as compared 
with the undoubted nummulitics of Pegu, being attributed to the dis- 
turbance it had undergone. It is very doubtful, however, whether the 
explanation is sufficient, and in view of the probability of their distinct- 
ness, and of the fact that they are described as exhibiting a greater degree 
of induration than the beds which were supposed to be cretaceous, it has 
been considered advisable to adopt the course pursued in the preparation 
of the accompanying map, and colour them the same as the rocks known 
to be of carboniferous and triassic age, appending a warning note that 
their true age is unknown. 

The intrusive serpentine which has already been noticed generally 
occurs as irregular shaped bosses of varying dimensions^ but dykes 
also occur, especially north-west of Prome. The rock is a characteristic 
dark coloured serpentine. It frequently, becomes a gabbro, contains 
porphyritic crystals of bronzite, and is intersected by veinsof gold coloured 
chrysotile, or, sometimes, of carbonate of magnesia. Occasionally it ap- 
pears to be replaced by a form of greenstone which may possibly be dis- 
tinct, although the two rocks occur in the same neighbourhood, llie hills 
formed of serpentine may he distinguished at a' distance by their 
barrenness. , They appear to support little, except grass and a few bushes, 
while the greenstone hills are covered with ' luxuriant forest. In all 

, , . * None are sufficiently large to be marked oaThe map issued lierewltlu 
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probabilit)- the serpentine and greenstone outbursts were originally the 
same or nearly the same, and the former rock has undergone "a chemical 
change. 

In the neighbourhood of some of the larger masses of serpentine the 
sandstones and shales are converted into gfeenstone and chloritic schist, 
but the effect varies, and in some instances the neighbouring rocks appear' 
almost unaltered. It is, horvever, worthy of notice that, except far to the 
northwards, all the outbursts of serpentine appear confined to the Peo-u. 
or eastern, side of the range, and that, as has already been stated, the roclrs 
on this exhibit, as a rule, more alteration than those on the western 
slopes of Arakan. To the northward, near the northern frontier of Peo-u 
serpentine occurs on the highest hills of the Yoma, and, in one instance 
at least, on the western side, but elsewhere all the outbursts detected 
are not only east of the main range, but near the eastern limit of the hill 
rocks. Not a single intrusion has been detected in the unaltered num- 
mulitic rocks. 

It is unnecessary to describe the distribution of the serpentine masses 
in any detail. They .are principally collected in three groups, the most 
northern of which consists of the largest mass known, a horseshoe shaped 
intrusion, some five miles in length, forming the -Bidoung hill, nearly due 
west of Thayetmyo. Several masses occur north-north-west of Prome, 
and one of these, forming a long dykelike mass for about five miles 
along the boundary between the nummulitics and the supposed trias 
appears to alter the triassic rocks, but not the nummulitic beds, althouo-h 
the latter are greatly cru.shed. Probably the difference is owing to the 
eastern boundary being a fault. The third group is west of Henzada, where 
twenty-one distinct and isolated intrusions occur, scattered over a leno-th of 
twenty-six miles from north to south, close to the edge of the unaltered 
nummulitic area. The largest of these masses is about three miles lono- 
by perhaps half a mile broad, but the majority are less than a mile in 
diameter. Besides the principal groups a few small and unimportant 
outbursts are found isolated here and there, but none are found south 
of the area west of Henzada. 


Further north a series of slates and indurated sandstones, which very 
much resemble the axial beds of Burma, is found in Manipur. They 
occupy the hills surrounding the valley of Manipur, and are penetrated by 
intrusive serpentine of the same type as in Burma. The intrusions, more- 
over, are confined to he neighbourhood of the eastern limit of the hill rocks. 
Our only information regarding the geology of Manipur^ is derived from 
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rapid traverses,,: wherevthe.rriovtmeBts of the geologist were determined by 
■poIiticar.,.:e:on:siderat ions, and there is consequently no detailed inforniatioo 
available^ It/' was, believed,, however, that two'niicoiiformabie, pretertiary,. 
:F:Gck. series were observed, the uppe,r one being composed of red slaty shales 
overlaid-by limestones, lithologically identical with those of the Ma4 group 
;in Arakan. \Some, beds of volcanic ash, observed on the slopes of the 
Kacbao motmtain, were believed to be attributable to this , group, but the 
correlation is questionable. 

The rocks seen in Manipur, show some resemblance to those of the 
carbonaceous system of the Simla area, though the disturbance they have 
undergone is less intense. A bed of conglomeratic slate, eontaining 
rounded boulders of quartzite imbedded in a finegrained matrix, rcsenw- 
bling in structure the conglomeratic slates of the Blaini group, was seen 
on the road between Manipur and Kohima associsitcd with black car- 
bonaceous slates. 

Further to the north, in upper Assam, Mr, IMallet distinguished, under 
the name of Disang, a group of shales overlaid by sandstones, which a.re 
separated by a faulted boundary from the coal measures and overlying 
tertiary rocks lying between them and the alluvial plain of the Brahma-' 
putra valley.^ So far as their lithology gees,, they agree fa irk well with 
the older rocks of Manipur and the Naga hills, and have l>een coloured the 
same on the map, tliough their true age is very uncertain. 
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THE GONDWANA SYSTEM. 

GondwAna System— Probably of fluviatile origin— Relation to present ri^er val levs — Oi vision 
into groups — Lower GondwAnas— Talcbir group — Karliarbari group— Damuda series — 
Batakar group— ironstone shales — Ran iganj group - Mwtur and Bgori groups— Kamthi 
group— Pcinchet group— Almod group— Upper GondwAnas- Mahadeva beds-RaJ- 
mahal series — in the Rajmahal hills— and on the east coast — Ko'a-Maleri group— Chiki- 
a!a group— Jabalpur group— Plantbearing beds of Cutch and Kathiawar. 

The upper palaeozoic and older and middle mesozoic formations of 
other countries are represented in the Indian Peninsula by a great 
system of beds, chiefly composed of sandstones and shales, which, except 
for some exposures along the east coast, appear to have been entirely 
deposited in fresh water, and probably by rivers. Remains of animals 
are very rare in these rocks, and the few which have hitherto been found 
belong to the lower vertebrate classes of reptiles, amphibians, and 
fishes. F^lant remains are more common, and evidence of several succes- 
sive floras has been detected. The subdivisions of this great plant 
bearing series have been described under a number of local names, of 
which the oldest, and best known, are Talchir, Damuda^, Mahddeva, and 
RAjmahdl, but the term Gondwdna has now been adopted by the Geological 
Survey for the whole system. 'This term is derived from the old name 
for the countries south of the NarbadA valley, which were formerly Gond ^ 
kingdoms, and now form tlie Jabalpur, Nagpur, and Chhalisgarh divisions 
of the Central Provinces. In this region of GondwAna the most complete 
sequence of the formations constituting the present rock system is to be 
found. 

'raken as a whole, the GondwAna system has a wide extension in the 
Indian Peninsula, but in extra-peninsular India, its representatives have 
hitherto only been detected in north-western AfghanislAn and along 
the base of the eastern Himalayas in Sikkim, Bhutan, and the AkA and 


^ More correctly Tiilcher and Dair.odar, but 
the spelling in the text has been so universally 
used that it is retained when the names are 
used in their acquired geological sense. The 
more modern and correct spelling is adopted 
when they are used geographically. 


For the information of non-Indian readeis 
it may be well to, add that the Gond is one of 
the principal Dravidian, or so called aborigi- 
nal, tribes, who are believed to have inhabited 
the country before the advent of the Aryan 
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DapljlA hills.’ Representatives of the highest Gondwana groups are found 
in Cutch, resting upon marine Jurassic rocks and capped by neocomian 
beds j some rocks containing plant remains, which underlie Jurassic 
limestones in the desert between the Indus and the Ardvailis, closely 
resemble portions of the Gondw’Ana series in lithological characters, 
while representativ'es of beds high in the GondwAna series, in this case 
frequently containing marine fossils, extend down the east coast. But, 
with these exceptions, no representatives of the system are found in the 

Peninsula north of the valleys of the NarbadA ^ and Son, nor south-west 
of a line drawn from the sea at Masuli patam through Karaamet and 
Warangal, north-east of HaidarAbAd, till it enters the trap area near 
Nirmal. The main areas of GondwAna rocks are in the R. 1 jmahal hills 


and DAmodar valley in Bengal, the Tributary MahAls of Orissa, Chhatfs- 
garh, ChutiA NAgpur, the upper Son valley, the SAtpura range south of 
the NarbadA valley, and the GodAvari basin. 

It has already been mentioned that, wi th the few exceptions noted, the 
whole of the Gondwana series is believed to consist of strata deposited in 
fresh water, and the only question which arises is whether the beds are 
lacustrine or fluviatile. The coarseness of the rocks in general, the pre- 
valence of sandstones, and the frequent occurrence of bands of conglo- 
merate, render it improbable that these strata are of lacustrine origin, while 
the absence of mollusca almost throughout is, on the whole, rather more 
consistent with river than lake deposits, although it is difficult to account 
for on either hypothesis. The few fish and reptiles which occur might have 
inhabited either lakes or rivers, and the Esiheria,', which are common in 
several subdivisions of the series, might either have lived in lakes or in 
the great pools and marshes which often occupy so large an area in broad 
river valleys. The plants might have been preserved amongst either 
lacustrine or fluviatile deposits, except that it is difficult to conceive tlie 
formation of beds of coal at the bottom of lakes. It is more probable tlsat 
the coal originated in marshy forests, such as frequently occur in the valley 
plains of rivers. The physical characters of the strata, the frequent alter- 
nation of coarse and fine beds, the frequency of current marking on the 
finer shales and of oblique lami nation, due to deposition by a current, in 
the coarser sandstones, and the circumstance of the upper portions of a 
bed, such as a coal seam, being locally worn and denuded when a coarse 


’ Mailet, Memoirs, Vol. XI, 14, (1S74) i 
Godwin-Austen, Jour. As^ Soc. Beng.^ XLIV, 
pt. ii, 37, (1S75); La Touche, Records, 
XVniji2i ,(1885). Perhaps the occurrence of a- 
representative of the Rajmah^l stratified traps 
on the Banks of the Khasi hills might be 
quoted as another instance, but though the 
identification of the two sets of beds is highly 


probable, it has not been confirmed by the 

discovery of fossils. 

® Outcrops have been found north of the river 
Narbadd westward of Hoshang/ih/id^ bat far 
south of the watershed. The Narbadfi, above 
the neighbourhood of Jabalpur, runs south of 
the general line of division, and Gondwana 
rocks 'occur north of the river. 
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^sandstone is deposited upon it, a plieiiomeiioii of frequent occurrence, 
are quite consistent with the theory of deposition in a river valley, but op- 
posed to the conception of lacustrine origin. A river constantly changes its 
course, and deposits coarse sediment near its channel and iiuer materials 
from the overflow of its flood waters, the area within which each form of 
sediment is deposited varying frequently. In a lake the coarse deposits 
niust be limited to the margin, and finer sediment accumulates away from 
the shore, whf re there is no current to sweep away the surface of a re- 
cently deposited coal or shale bed, and to throw down coarse sand in its 
place. On the whole, the evidence is decidedly in favour of a fluviatile 
origin for the Goiidwaaa rocks, and it is probable that they were deposited 
in a great river valley, or series of river valleys, not unlike those which form 
the Indo-Gangetic plains at the present day. There is a possible excep- 
tion in the lowest beds of the series, the fine silts which form the base- 
ment beds of the Takhir group* These may be of lacustrine origin, but 
there is no clear proof that they are, and their remarkably persistent char- 
acter throughout an immense tract of country is rather opposed to the 
idea of their having been formed in a lake or a series of lakes. 


Concerning the relations of this great series to the older and newer 
formations in India but little can be said. No older fossiliferous deposits 
are known in the area to which the Gondv\4na rocks are restricted, and 
wherever tiiese rest upon any older formation, there is complete uncon- 
formity between the two. The areas in which the upper Vindhyau and 
Gondwina systems are exposed being distinct from each other, the latter 
have nowhere been found in eontact with the former, which are the 
next series in descending order, but pebbles of upper Vindhyan rocks are 
occasionally found in Gondwana rocks.'^ '1 he Takhir and Damuda forma« 
tions in the country south of Nigpur, on the Godavari below Sironchd, and 
in the Mahanadi valley near Sambalpur, occasionally rest uncoiiformably 
upon strata believed to belong to the Cuddapah or lower Vindhyan series/ 
but in general the Gondwana beds are found to have been deposited upon 
nietamorpbic rocks. 

On tne other hand, the rocks of the Gondvvina series are but rarely 
covered at all by a higher formation, except where the Deccan traps 
and their associated iafratrappean formation, the Lameti group, rest 
unconformably upon the vaiious subdivkions of the Gondwdna series, from 
the lowest to the highest, in the Nacbadd valley and the Nagpur country. 
There are, however, localities in India in which sedimentary formations of 
cretaceous age rest upon upper Gondvviaa beds. The first of these is in 

^ Manual t isted., 205; Memohs^ IX, 304. ! ® Supra, p. 91. 
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Cutclij where tire;, Umia group,, , Gontainiug .some- fossil plants, fotind also 
in the uppermost Gondwdiia beds in ■ the .■ Narbada valley, luiderlies a 
stratum contaioiiig of mpper -iieoco^^ ( Aptian) age. The 
second is In the, Narbada - valley near Barwai; where Bagh beds (iippt.r 
greensa:nd:,,or cenomaniao) rest unconformabl}-^ on . representatives of tlie 
uppertGondwana series. , The remaining two. loca,lities are near the east 
coast., ." One is . in southern India, at Ut-atur, north .'of Trichinoporp wheur* 
the plant beds' containing Rajmahal fossils iinderiie thjO Utaiiir (Ceno- 
manian), group,, .uncoiiformably in - places; but elsewhere with ap|Kircnt 
confor.m,ity,.'' '■ Lastly,, near,; Ellore, wh^ the upper Gondwana beds cou- 
,taiii ,Rajmahdr,'plauts, ,a,m.i nmriiie ', fossils, of upper Jurassic age occur 
in the higher layers, the age of the strata resting unconformabiy upon 
the Gondwana strata is not equally well defined. Tiie overlying beds 
consist of two fossiliferoiis bands, one underlying a l!ow of basalt believed 
to belong to the Deccan trap series, the other interstraiiiied between the 
lower basaltic flow and a higher one. The igneous beds, like the Deccan 
traps elsewhere, are believed to be of uppermost cretaceous or lowest 
tertiary age, but the fossils in the upper, or intertrappean, bed differ from 
those in the lower, or infratrappean, and it has not liitherio been practicable 
to refer either to a definite horizon. Neither bed, however, can be older 
than upper cretaceous. 

The manner in which tlie areas of Gondwdna rocks are distributed 
throughout the country is peculiar, and there is still some {lifference of 
opinion concerning the interpretation to be placed on their mode of 
occurrence. As a general riilC; these rocks are found occupying basin 
shaped depressions in the older formations, and such depressions some» 
limes, though not always, nor even generally, correspond io the existing 
river valleys. Occasionally the basins of Gondwana 1> ;ris are scaltcTed 
over the surface of the country, as in Birbhdm, and in this ca,se there 
can be no doubt of their representing the iindcnudcd rcirnins of strata 
which were once continuous over a much larger area. W’hetlier the 
basins now reraaining owe their preservation to disturbance of their ori- 
ginally horizontal position, and to their having been preserved from denu- 
dation through having sunk to a lower level than neiglibonring portions of 
the same bed, or whether they were originally deposited in hollows in the 
older beds, is a point on which opinions differ. There can be no cjuestion 
that the former is the explanation of these basins having been preserved 
in some instances, but cases may also be, cited,, in favour of the latter’ 
view, and it is certain that the Gondwana beds were originally deposited 
on an uneven surface. 

A few instances will suffice to show the phenomena presented iu the 
Ddniodar valley in western Bengal,, where some of ilie most important 
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and best known Gondwdna coal-fields occur, A number of detached 
basins are foiindf all ill ^ ground on the banks of the river, and all 
presenting the very remarkable peculiarities that the lowest groups 
appear on the northern side of the basin, that there is a general dip from 
north to south, and that all are cut off abruptly on the soutliern edge, 
which in most cases is a straight or nearly straight line. Similar geolo- 
gical relations exist in many other areas, although the beds are not 
always, as in the Damodar area, confined to the valley of a single river, 
dims, in the great basin of south Rewd and Sargiija, again in the Satpura 
area, and especially in the T^lcher field in Orissa, the rocks dip from 
one side of the basin, and are cut off on the other, but in all these cases 
the general dip is north, not south, and the beds are abruptly cut off 
along the northern border. I'he exact directions of the abrupt east and 
west boundaries vary, but they are always the same, or nearly the 
same, throughout each tract of country, that is to say, the boundaries of 
different fields are parallel to each other, and they are also, as a rule, 
identical in direction with the foliation of the underlying gneiss, la 
some cases, and especially in the northern part of the great area wliicli 
occupies so large a portion of the Goddvari valley, both boundaries, which 
run nearly north-west to south-east in the last named case, are straight, 
nearly parallel, and abrupt. 

These abrupt boundaries are almost invariably accompanied by con- 
siderable disturbance of the beds in their neighbourhood. In some cases 
there is strong evidence that such boundaries are great faults, cne of the 
best proofs being that the fault occasionally divides, as along the north- 
ern edge of the Talcher field, and beds belonging to the lowest grou[) 
are exposed between the different subdivisions of the main dislocation, 
the lowest Gondvvdna group (the Takhir in the instance mentioned) 
being faulted against K^mthi beds, much higher in the Gondwana system, 
on one side, and against metaniorphics on the other. In some cases, as 
along the boundary of the Talcher field and also on the eastern portion 
of the northern boundary in the Sohagpur field, the line of fault is marked 
by a breccia, containing fragments of the Gondwana sandstones. It is 
generally considered that all the fields which are bounded by an abrupt 
line cutting them off on one or both sides (and these, as will be seen, 
comprise a very large majority of the basins known) occupy areas of de- 
pression, produced subsequently to the deposition of the beds by a fault 
along the abrupt boundary, the connection of existing river valleys 
with these Gondwana areas being dependent on the fact that, the- Gond- 
wana rocks b eing much softer than the Vindhyan, transition, or meta- 
morphicbeds upon which they rest, the rivers have worn their way through 
the easiest channel, — in short, that the existing drainage, so far as it 
coincides with the distribution of the Gondwana rocks, has been deter- 
mined by the disposition of those rocks, produced by disturbance and 
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denudation clild ' has no necessary roiinoction wiili.tiieii origiiicil cireas of 
deposition. 

A different view is held by others. ” They consider that,' with a few ex- 
ceptions, there is no sufficient evidence of faulting, that the appearance 
of straightness in the boundaries is partly fallacious and due to the rocks 
being ill seen at the surface, that the abrupt boundaries are caused by the 
deposition of the Goodwdna rocks against cliffs forming the original sides 
of river valleys,, and that thC' present disposition; of -the bedsn’s a close 
approximation' to that , of the original areas in which they were deposited. 
They consider further that' the vertical development of the different groups 
varies so much within small distances that there is no reason to believe tiiat 
any great thickness of beds abuts against the abrupt cliff like boundaries, 
and that there is evidence in some cases that the different groups thin 
out towards the margins of the existing basins. They conclude that the 
present river valleys differ but little from those which existed in mesozoic 
times."' 

It is possible that there may be some truth in both views. It should 
be remembered that the conflict of opinion in this case is between ob- 
servers who have chiefly been engaged in mapping widely separated 
regions* The view that the present basins closely correspond to ancient 
areas of deposition being supported chiefly by observations made in thv. 
Son and Narbadi valleys, and the opposite opinion, that the present Gond- 
wana basins are chiefly due to faulting, being held by geologists -who 
have especicilly studied the Gondwdna rocks of Bengal, Orissa, and tlie 
Godavari valley. The strongest arguments again.st the existence of 
faults along the abrupt boundaries of the various Ciondwana fields is 
founded on the fact that, in the Satpura held to the soutii of the Narbada 
valley, certain of the uppermost Gondwana beds overlap the boundary, 
but this may be due to the circumstance that the supposed line of fault, 
which cuts off the field on the northward throughout the greater portion 
of its extent, is more ancient than the topmost groups of the Gondwana 
series. A difficulty in the way of admitting that the abrupt bound- 
aries of the Damodar fields are due to deposition against inland cliffs 
is to be found in the improbability that all such precipices should be found 
on one side of a river valley, while there are some important observations 
in favour of the limits of the basins in the Damodar valley being due to 
disturbance. Taichir and Damuda beds are found on the Hazaribagh table- 
land, immediately north of the Damodar valley, at a height of about i,uco 
feet above the surface of the same, rocks in the valley itself, and the 
presence of fragments, apparently' derived from lower Gondwdoa beds, in 
a conglomerate at, a similar or higher elevation -on the Chutia Nagpur 
highland to the southward points to the' former existence of the parent 
rock at a slilh greater elevatiom In^, either,, case vthere is evidence uf 
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disturbance for the low level exposures must have been depressed, or the 
high level ones elevated ; in other words, the Gondwdnas must have under- 
gone disturbance since they were deposited, and this disturbance cannot 
have been without effect on the present iiniiiation of the outcrops. 


The tracts of country occupied by rocks of the Gondw^na series are, 
as a rule, covered with a poor sandy soil and ill suited for cultivation. The 
result is that, in many parts of India, they form wild uninhabited forests. 
Such tracts are always the last to be surveyed topographically, and, as a 
rule, minor details are omitted on the maps prepared. Moreover the upper 
Gondwdna rocks are principally sandstones and decompose readily into 
loose sand, which covers the whole surface of the country and greatiy 
conceals the rocks. These two circumstances — deficiency of maps and 
concealment of the surface — have combined to delay the geological sur- 
vey of the upper Gondwdna formations, and to render the examinaiion 
of the beds exceptionally tedious and difficult. 

The groups of which the Gondwina system is composed vary greatly, 
both in number and mineral character, in the several isolated areas in 
which they are found, the variation being much greater amongst the middle 
and upper than amongst the lower members of the series. The two 
lowest Gondvvd,na groups, the Talchir and Barakar, which consist largely 
of shales, whilst the uppermost formations are chiefly composed of coarse 
sandstone, grit, and conglomerate, preserve their mineral character almost 
unchanged throughout the area in which the lower Gonchv^na beds are 
known to occur. 

The system may be divided into an upper and a lower series, the dis- 
tinction having been first established in western Bengal, where it is of a 
most trenchant nature, characterised by a marked stratigraphical discord- 
ance, by an almost complete absence of any species common to the 
two divisions, and an utter change in the type of the flora^ equisetaceous 
plants prevailing in the lower subdivision, and cycads and conifers in 
the upper, ^ ferns being found commonly in both. Some Equisetace^ 
occur, however, in the upper Gondwinas, and several species of cycads 
and conifers in the lower, but the genera are in most cases distinct in 
the two subdivisions. As the examination of the Gondwdna system in 
the Sitpura ranges and in south Rew^ has progressed, it has been found 
that the stratigraphical break there is not nearly so marked, and it is pos- 
sible that a number of distinct floras will ultimately be found, bridging over 
the gap in western Bengal. 

^ ThtJ Mahadeva series has, however,, hitherto proved almost unfpssilifcrous. 
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^ Lower GondwAna Series. 

1 be lowest member of the Gondw^na system is known as the Talcliir 
group, thus named from its having been first clearly distinguished in the 
small dislrict of TAIcher^ one of the tributary mahils of Orissa. When 
present — and it is rarely absent over a large area— this group forms the 
base of the GondwAna series, and consists in general of fine silty shales 
and tine soft sandstone. The shales are usually of a greenish grey or olive 
colour, sometimes slaty. They are of exceedingly fine texture, traversed 
by innumerable joints, and break up into minute, thin, angular frag- 
ments, sometimes elongate or acicular, which cover the surface of the ground 
in places. Occasionally the shales nave a dull Indian red colour, but this is 
not common. They are frequentl) mentioned in the Survey reports under 
the name of mudstones and needleshales. Not iinfrequently they are some- 
what calcareous, and in some places large concretionary masses of impure 
carbonate of lime have been found amongst them. 

The most characteristic sandstones are soft, fine, and homogeneous 
in texture, convposed chiefly of quartz and tindecotnpoied pink felspar, and 
in colour pale greenish grey, buff, or pale pinkish, almost of a flesh tint. 
They are frequently rather massive, though distinctly stratified, but they are 
also commonly interstratified in thin layers with the shales. In many 
places they break up, where exposed on the surface, into polygonal frag- 
ments, three or four inches across, whence they have been called tesselated 
sandstones. 

These beds pass into coarser sandstones of less marked character, 
which vary in colour, and are sometimes, though rarely, conglomeratic, 
it is an almost invariable rule, contrary to what is found to be the case 
ill most rocks, that in the Talchir group the beds of finest texture, the 
shales, are found at the base, and that the sandstones are higher in 
position, the coarser sandstones, moreover, overlying those of finer texture. 
A thin coal seam has been found amongst the Talchir beds in the 
jhilmiili field, in Sarguja^, but this formation is, as a rule, distinguished 
by the absence of coal seams, and even of carbonaceous shale. 

There are three peculiarities of the Talchir group which still require 
notice, as all of them are of considerable importance. 

The first is the frequent occurrence, amongst the shales and fine sand- 
stones, generally towards the base of the group, but very, frequently some 
hundreds of feet above the bottom, of pebbles and boulders, always rolled and 
usually well rounded, varying in size from small fragments quarter of an inch 
or an inch across to huge blocks fifteen feet in diameter and thirty tons in 
weight, fragments from six inches to three feet in diameter being common. 

* Memohs, I, 46, (1856)4 , , \ ^Manual, ist ed., 205. 
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The clistribuiion of the boulders is most i i regular, in some parts of the area 
occupied by Talchir beds none are to be found over many square miles of 
country^ ])ut generally some are met with at intervals, and Gccasionally 
large numbers occur within a limited tract. 

In very many instances there is every probability that the boulders 
have beeib^^ fe from a distance, no rocks of similar character 

being fouhcl in the neighbourhood. If only one or two such cases had been 
observed, it might be supposed that the rock, from which the blocks were 
derived, had formerly existed in the immediate vicinity and been 
removed by denudation, but the cases in which there is reason to believe 
that the rounded blocks have been transported from afar are so numerous 
that this theory cannot be accepted. The boulders, it should be remenibered, 
are frequently found imbedded in the finest silt. It is evident that deposi- 
tion from water in rapid motion is here out of the question, as any stream 
which could have moved and rounded the boulders would have swept 
away the silty matrix in which they are deposited, and the only 
suggestion, as to the cause of their occurrence, which appears to account 
satisfactorily for their presence, is to suppose that they \vere originally 
rounded by torrents and then transported to their final position by 
ice. This theory has received strong Gonfirmation from the discovery of 
smoothed and scratched surfaces on some of the large boulders found on 
the banks of the Penganga river, about ten miles west-south-west of 
Chanda, Central Provinces.’ The surface of the limestone rock under- 
lying the Taichirs was also in this case found to be polished, scratched, 
and grooved. 

The second peculiarity is the remarkable resemblance to a volcanic 
rock occasionally presented by the more compact forms of shale, and by a 
variety of the sandstone- So great is the similarity between the shale and 
a consolidated volcanic ash that two experienced surveyors have, at different 
times, marked the beds as trappean, wliilst the sandstone occasionally 
simulates a decomposed basalt in colour and mode of weathering. 

The third noteworthy feature of the Talchir beds is their pow’er of 
resisting disintegration, and the entire barrenness, provided they are not 
covered by alluvial deposits derived from other rocks, of the ground 
where they appear at the surface, a natural consequence of their not 
decomposing to form soil. In many places along the edges of the coal- 
fields, w'here the Talchir beds occupy the ground, it is possible to "walk for 
miles through very thin jungles, free from grass, over a surface composed 
entirely of the finely comminuted greenish grey shales. 

South of the Pengang^ river a peculiar rock was found by Mr. Fedden 
in the Taichirs near Charli, and again in the Khairgaon nala west of 

^ 7 . Oldham, Memoirs, IX, 324 (1872) j Fedden, Records, Vlli, 16, (187 5). 
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Nindgaon. It is a calcareous sandstone, whose calcareous cement has 
assumed the form of ophitic crystalline masses quarter of an inch across. 
These crystals have been irregularly attacked in the weathering and the 
rock, split up into a number of irregular aggregates of quartz grains, 
separate from each other, but held together by the interlocking of their 
irregularities. The rock, as a whole, has consequently a certain amount of 
flexibility analagous to that of what is known as itacolumite.^ 

The Talcliirs preserve all their peculiarities throughout the area in wdiich 
they occur, — an enormous tract of country, extending from the flanks of the 
Rajmahdl hills to the Goddvari, and from the R^niganj field on the borders 
of the alluvium of Lower Bengal to the neighbourhood of Hoshangdbad, 
Ndgpur, and Ciiindd. 

The thickness of the Talchirs nowhere appears to exceed about 800 
feet, their extreme measurement where fully developed in part of the 
Rdiiiganj coal-field. 

The fossils® hitherto discovered in the Talcliir rocks are very few in 
number. Of animal remains only the wing of a neuropterous insect and 
some annelid tracks have been discovered, wliilst the plant remains consist 
of Noeg^eraihiopsis hislopz sxiA three ferns, Gangaviopteris cyclop teroMes^ 
G, angzistifoUa^ and Glossopteris communis. The only evidence of 
vegetable life hitherto found has been in the higher beds of the group, 
and there is a remarkable absence of plants in the lower shales, which are 
admirably suited for preserving vegetable impressions. Even in the upper 
beds of the group fossils are of singularly rare occurrence. 

Reference has already been made to the possibility of a lacustrine ori- 
gin for the Talchir beds, or at least for the lower portion, The chief rea- 
son for suggesting that these beds may have been deposited in lakes is 
the great thickness of very fine sediment accumulated at the base of the 
group, and the very frequent occurrence of much finer beds below than 
above. The latter, 011 the hypothesis of a lacustrine origin, may be ex- 
plained by the gradual silting up of a lake basin, in which fine sediment 
would be deposited at a distance from the margin, whilst coarser beds 
would be thrown down by rivers as their deltas advanced into the lake 
and filled it up. This evidence, however, is quite insufficient by itself to 
prove that the Talchirs are a lacustrine deposit, and it is at least equally 
probable that they were formed in a river valley, like the overlying members 
of the Gondwina system. 

At the same time the large size of the boulders and their generally 

^ Memoirs, "Kill, 16^ (^877). Compare the longing to this and other groups of the 
Kaliana flexible sandstone p. 72) ; see Gondwana system ^are taken from Dr. Feis- 

also, for a more detailed description, Beeprds^ : mantel’s descriptions in the PaL Ind,, series 
XXil, 54, {1889). ii, xi, xih (1877-86).' 

The determinations of fossil plants be- 
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rounded aspect suggest that they were produced by rapid flowing streams, 
whose beds had a steep gradient. ' The gi'eat unconformity between the 
Talchirs and the underlying rocks points to a long continuance of drv 
land conditions, unfavourable to the accumulation of sediment, and one of 
the first effects of those land movements which caused its accumulation 

might well be to split up the river valleys into large lake basins, and 

steep stream valleys leading into them. Were this the case, all the con- 
ditions essential to the explanation of the features ordinarily exhibited 
by the Talchir boulder bed would be existent, if winter ice were super- 

addecl'^ 

This explanation is not.iiowever,. sufficient to account for the smoothed, 
polished and striated surfaces of the fragments indiuied in the Talchir 
conglomerate, and of the underlying Vindhyan limestones in the Pen- 
ganged valley, which appear to be due to the action of a true giacitT. The 
toulder beds largely developed near Bevp, in western R/ijpiitdna* which can 
hardly be other than of Talchir age, being unconformably superimposed 
on the Vindhyan limestones and older than the upper Gondw’4na beds 
of this district, contain numerous well glaciated fragments, and a similar 
boulder bed near Pokaran is seen to rest on a surface of older rock, which 
is not only smoothed and striated, but exhibits typical roches mouimiHees. 
in the last named instance there is some possibility that the boulder bed is 
older than Talchir,^ but excluding this, there is evidence ciiougii that 
glaciers must have descended to low levels in Talchir times. 


. The coal bearing rocks of the Karharbari cralfield were originally 
assigned to the Barakar group in the publications vi ilie Geological 
Survey, on account of their mineral character 

diately above the Talchir beds. The examination of the Karharbari 
fossil flora has, however, shown that, whilst all the species known to be 
iound in the Talchir beds are represented, one of them (Canij^a^nopieris 
cyclopteroldes) being the commonest fossil of the Karharl>ari beds, many 
of the common Damuda fossils -are rare or wauling, and several very re- 
markable species are found which have not hitherto been detected in the 
Damuda series. The peculiar excellence of the coal, and its superiority to 
that obtained from the majority of the Damuda seams, lta\'e led to exten- 
sive mining operations in the Karharbari field, and it has conseciucotly been 
possible to obtain good collections of the fossil plants.^ ll lias also been 
noticed that .the coal of Karharbari differs; in structure from that of the 
Damuda series generally, and a partial re-cxaniination of the held appears 
to justify the inference that there is also a slight distinction between the 


’ W. T.'BIanford, XX, 49, (1SS7). 

- Supra ^ p. 100. 

^ These have been chiefly collected by Mr. 


Iv J.,' Wu'tty, Sup'ijrintewlenl: of the East 
Indian Jiaiiway Company’s collieries at 

Karharbari. 
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Kariiarbiri and Barakar sandstones, altiiough it is as yet unceriain whether 
a passage may not eventually be found between the Karharbari group 
and the Barakars, The palaeontological evidence hitherto obtained tendsj 
however, to connect the former with the Talchir group, and it appears 
best, for the present, to keep the Karharbiri rocks distinct from the 
overlying Damuda series, under the name of the coalfield in which they 
were first distinguished. 

The rocks of the Karharbdii group consist almost solely of sandstones, 
grits, and conglomerates, with seams of coaL Very little shale occurs, the 
little which exists being associated wdth the coal seams. The sandstones 
are mostly white, grey, or brown, and felspatluc, often gritty and conglo- 
meratic, from containing large fragments of felspar and pebbles of quartg:, 
d'he chief distinction between the constituents of the grits and conglo- 
merates forming the Karharbari group, and those which make up so large 
a portion of the Barakars, is that in the former, and especially in the 
coarser grits and conglomerates, a large proportion of the fragments of 
felspar and quartz are angular or subangular, whereas in the Barakars the 
pebbles are, as a rule, particularly well rounded. The coal of Karharbari 
is rather dull coloured and tolerably homogeneous in structure, the layers 
of very bright jetty coal, which are so conspicuous in the Damuda seams, 
beiiKy in general few and ill marked. The seams appear to be somewhat 
variable in thickness, but to undergo very little change in composition 
throughout the small field in wdiicli they are found. Some of the seams, 
both in the Barakar and Rdniganj subdivisions of the Damuda series, 
furnish fuel equal in quality to that extracted at Karharbiri, but they are 
much more distinctly laminated* 

The Karharbari beds rest with apparent conformity on the Talchirs, but 
the former completely overlap the latter in places, within the limits of the 
little Karharbdri field, and the mineral characters of the two groups are 
strongly contrasted. In the west of the Karharbari basin the Talehirs 
attain a thickness of about 500 or 600 feet, whilst, within a distance of less 
than four miles to the eastward, the Karharbari beds rest upon the gneiss. 
It is probable that the highest rocks seen within the coalfield may be of 
Barakar age, and there is some slight appearance of the Karharbari beds 
bein*^ ov’^erlapped by these higher strata, but the overlap is not clear. Ihe 
whole thickness of the Karharbdri group is probably about 500 feet 

Outside the limits of the Karharbari field the Karharbari group has 
been recognised, on pateontological grounds, at Mohpani in the Narbada 
valley, in the Ddltonganj coalfield and, with considerable degree of proba- 
bility, in Hutar and Rewi. , The coal in a seam, lying very little above 
the Talchir group, in the Riniganj field resemble the Karharbdn coal in 
mineral character, and it is probdble that this group will be found to have 
a wider distribution than is now known, and to be represented in all those 
' , ^ ^ ’ 'Tt- -vr'? ^ ^ H ■ ■ , ' 
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sections whc^re the Takhirs are described as conformable to tlie- beds above 

The only fossils . which have so. far been formed in the Karliatbari' bed s 
are plants of which the following is a list those species distinguished 
by :an' asterisk having also been found in the Damuda beds,,w'hile a dagger 
mai-lcs^'t .which have been .found .in the ■ node rljdng Talch ins ... - . 

KiLICES,— 

Scigenopteris X^} stolii skiiJia.:, 
CyCABEACEM— : 

Glosso'^Mmitess'olicskan'N.s.' 
'\N(eggeriiihiopsis hislopi. 

Conifer^-— 

E a ryp hyllu m ' wh itt ia n n 'm. 

■ Vvlima hetd'^^ ' 

Albertia. 

Seeds— 

Samaropsis, sp. 

Cardiocarpiijn^s^. 

Carpclithes milleri. 

The Talchir-Karliarbari groups are succeeded by a great series of beds, 
the Damuda series, which was first examined and described in the 
coalfields of the Diinodar valley. Nearly all the coalfields of the Indian 
Peninsula owe their mineral wealth to the presence of these beds, tlie 
Karharb^ri being the only other important coal bearing group, and the 
quantity of valuable minerals contained in the rocks of the Danurda .series 
is probably greater than that of all the other rock groups of India con^- 
bined. 

The Damuda series in Bengal has been found to consist of three 
subdivisions, known in ascending order as the Barakar group, Ironstone 
shalesj and Rdnfganj beds. The first and lowest is also found in the 
Son, Mahdnadi, Narbadi, and Godavari valleys, the upper subdivisioris 
being represented by groups differing in mineral character from the 
Bengal beds. In the S^tpura area the Damuda subdivisions are known 
as the Barakar, Motor, and Bijori groups, and in the Godavari valley, 
above the Barakar group, there also the only coal bearing formation, a 
single member of the upper Damuda beds occurs, and is known as the 
Kdratlu group. A similar arrangement prevails in the Maluinadf and 
Brdhmani area, only two Damuda. subdivisions being found, which appear 
to correspond to those of the Godavari region. 
■||v:-;:;^|.;rThe.v||fineyal;-;ch|mc|e;rt:l:a^ 

groups must be described separately. It for the purpose at 


EatJlSETACE.^— 

SchisonBiira* cf. iveriaiti., 

* Vertehraria ijiduci;, 

Fi.hce.s— 

tG’ i'i nga mopt^ris cycl op ieroi des. 
y, (?; btiriadica,, 
jy mojor. 

„ ohliqua. 

t 5, angiistifolit}. 

„ cf. spathulata, 

t G lossopferis c&mmunis. 

„ damudica. 

decipiens, 

^ „ indico. 
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present to note that aU consist of sandstones and shales, with more or 
less ferrugiaous bands, and that some contain coal Slight uiicoiiforoiity 
between the different groups has been noticed in places, and the Barakar 
beds are frequently unconformable to the Takhirs. The whole thickness 
of the Damuda series is 8,400 feet in the Raniganj field, and about 10,000 
feet in the Sitpura basin. It thus constitutes the most important portion 
of the Gondwina system. 

I he examination of the floras of the different groups of the Damuda 
series has shown that there are slight differences, but as nearly all the 
species of the Barakar group, and without exception all the more abund- 
ant forms, are also found in the Rdniganj group, they have been united in 
one list given below.^ The letters n. prefixed signify that the 

species have been found in the Lower, Middle, and Upper, or Barakar 
Ironstone or Raniganj beds, respectively; a dagger that it is also known 
from beds of Karharbdri age, and an asterisk that it ranges into rocks 
newer than the Damuda series ; — 


EQUISiaTACEiE — 

^ 1 1 . u. SchisoneuragQndwaneTjsis» 
u. Phyllotheca indica, 
u ? ,5 robusta. 

1 . u- Tri2ygta{Sphe}ioph^lium) spe- 
.. €iosa» ■■ 

* t h u. Teftebvmia mdv'a. 

Filices— * 

1 . Cyatkea, c£. tchihaicheffi, 

!. u. Sphenopieris polymorphic 
u. Dichsonia htighesi, 
ii. Alethcpteris whithyensis, 

IK ,5 Undleyana. 

u. „ ph ego pier oides, 

IK Pecopteris affinis. 
u, Metianopteris mojor. 

* I. m. u. MavrotcBniopteris danmoides, 

IK „ feddeni. 

u. PalcBovittaria hurst* 
u. Angiopteridium, ci. McClel'- 
landi, 

I. „ inf ar Hum. 

t L m. u. G Icssopteris communis* 

I* ,, intennittens* 

u. „ stricla . 

u. „ P mtiswfoUa, 

* 1 1. nn u. „ indica, 

], u. „ browniiin c 

1. u. „ inter media»: 


m. u Glossopteris reiifera. 


m. u. 


conspicua. 

u. 

i) 

ingens. 

u. 


diverge ns. 

t k m. u. 

ii 

damn dim. 

I. m. u. 

» 

angustifoliiC 

u. 

it 

lepioneuru. 

u. 

}> 

for?}wSii, 

ii. 

>1' 

orbicularis. 

u. 

Gil nga mop tens a n throph y aides 

11. 

1) 

whittiana. 

u. 

35 

hugliesi. 

t 1. m. 

' 3 » 

cyclop ter oides. 


u. Beleninopteris 'icood^niasoiziana , 
11. AnthrophyopsiSf sp. 

1 IK DiHyopteridmzny sp. 
u. Sagenopteris (?) longi/olia. 
u. 5, polyphjjllii. 

u. Actinopteris hengaUnsis, 

CvCADEACEiE — 

u. Pterophyllitni btirdwaneuse. 
i. Platjjpteri^iujn halli, 
t 1 . m. u. Noeggaathiopsis hislopi, 

CONIFERJS— 

•j* u, Voltzia heterophylla. 

u. Rhiptdiopsis densinerms, 

1 . ,» ging hides, 

1 . Cyclopitys dichotoma. 

L u. Samaropsist cf. patvula. 


- Pal. Indica^ series xin llf, pt. ii, ui, (i880'8i),, |V^, pt. ii, (iSSj). 


GEOLOGV OF INDIA— GONDWANA SYSTEM. 


*64 


[Gimp. fir. 


Althoiio-h there is little difference between the floras found in the 
various subdivisions of the Damoda series, the characters and relations 
of the minor groups require separate notice, and of these groups the 
lowest and the most important is the Barakar. This group derives 
its name from a river which traverses the western portion of the Rani- 
ganj coalfield, and then falls into the Ddmodar within the limits of 
the field.^ In the higher portion of its course the Baradvhar river rci-ceives 
the streams which drain the Karharbdri coalfield. 

The Barakars have an equally extensive range with the Talchirs, and 
consist of conglomerates, sandstones of various kinds, shales and coal, 
'file sandstones are often coarse and felspathic, a variety of frequent 
occurrence being rather massive, while or pale brown in colonr, soft at 
the surface and not much harder below, consisting of grains of quartz 
and decomposed felspar, I'he iveatbered surface of ibis sandstone fre- 
quently exhibits small projecting knobs, apparently due to calcareous 
concretions. One of the most striking distinctions between the sandstones 
of the Talcliirs and those of the overlying formations consists in the 
felspathic constituents of the former being, as a rule, uodecom posed, while 
in the Damuda series the grains of felspar are almost invariably converted 
into kaolin. 

Besides the whitish felspathic sandstone, another typical Barakar rock 
is a conglomerate of small, well rounded, white quartz pebbles. I'hese 
are sometimes found scattered over the surface and serve to indicate the 
presence of the conglomerate, where it is not exposed in section. The 
matrix of the conglomerate is usually white sandstone. 

It must not be supposed that white is the only colour of the Barakar 
sandstones. Brown, red, yellow, and other tints are to be found, and pre- 
dominate in many plac^. The whitish felspathic sandstone is however a 
typical rock, preserving its character in localities as far apart as Rdniganj 
in Bengal and Chindi in the Central Provinces, being well developed 
in the Godavari valley, but it is subordinate and forms but a small portion 
of the group to the eastward. Here the greater portion of the Barakar 
rocks consists of shales, grey, blue or black, frequently micaceous, and 
more or less sandy, occasionally associated with argillaceous iron ore, and 
often containing seams of coal. Not unfrequently the shaly beds are 
interstrati lied with hard flags. 

The coals of the Barakar group vary greatly in quality and character in 
the differeBt coalfields. They all, however, agree in having a peculiar 
laminated appearance, due to their- being composed of alternating layers 
of bright and dull coal, the former purer and more bituminous ihtm the 
ialter, which, immany cases, is shale rather than coal The best cmls are 
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those in the bright layers pfed<)in in bnt nearly all seams hitherto 

discovered are somewhat inferio-r to average European coal of the carboni- 
ferous formation, and there is a general tendency to variation in the thick- 
ness and quality of each seam withiiv short distances. At the same time 
excellent fuel has been obtained from some Barakar seams. Some coal 
beds arc of immense thick ness^ single seams (including partings of shalej 
amounting to as much as 35 feel in the Riniganj coalfield, 50 feet near 
Chanda, and no less than 90 feet at Korba in Bilispur, Some of the 
Barakar coal exhibits a peculiar spheroidal structure, and round balls of 
various sizes, up to more than a foot in diameter, break away from the 
mass when the coal is mined. So thoroughly are these rounded that 
they were taken at first for rolled fragments, derived from some older 
formation A 

In places the Barakars rest quite conformably upon the Talchirs, and 
the two groups appear to pass into each other. In general, there is an 
abrupt change in mineral character, but the only case which has hitherto 
been found in which there is clear evidence of denudation having renovecl 
portions of the lower beds, during the deposition of the higher group,® is in 
the Rimgarh coalfield, where rolled fragments derived from the Talchirs 
have been found in the beds of the Barakar group. The Barakars, however, 
overlap the underlying lalchirs in many places and rest upon the metamor- 
phic rocks, and in some coalfields, as in that of Raniganj, there appears to 
be overstep as well, the highest beds of the Talchirs disappearing first, as if 
they had suffered from denudation. It yet remains to be seen whether 
representatives of the Karharbdri beds do not intervene in those cases 
in which there is an apparent passage between the Barakar and Talchir 
groups. ' 

1 he Barakars appear nowhere to exceed the thickness of 3,300 feet a 
development which they attain only, so far as is known, in the Jharil field. 
In no other field, except Rdmgarh, do they exceed 2,oco feet. 

Above the Barakar group in the Rdniganj and a few other fields 
of the Damodar valley, there is found a great thickness of black or grey 
shales,® with bands and nodules of clay ironstone (carbonate of iron, 
mixed with clay), some of which is of the carbonaceous variety known 
as black band. Towards the base these beds become more sandy, and 
interstratifications of sandstone occur amongst them. Ihe shales disinte^ 
grate slcwly, and consequently the tract covered by this group is barren, 
and frequently elevated, but the rocks are not as a rule well exposed on 
the surface, although their presence is indicated by fragments of ironstone 
being scattered about ' ' ■ . 

2 See Jour, As, Soc, Beng,, XVIl, 59, (1848)5 j ^ Memoirs, VI, 113. (tWj)., 

XVUI, .412, (1^44) XIX, 75, (1850). i ^ Me^noirs, in^ , 
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The greatest thickness attained by the ironstone shales ’S about 1,500 
feet in the Bokdro coalfield, and they are nearly as thick in the Raniganj 
field. As a rule, they are quite conformable to the underlying Barakars, 
the slight unconformity, which has been observed in places, is very possibly 
local, but one easel has been noticed where a break in time may be indicated. 

Fossils are not common, and most of the species recorded were ob- 
tained from the South Karanpurd coalfield. 

The highest . group of the Damuda series, in the Ddmodar valley, 
derives its name of Rdnfganj from the principal town of the mining 
district of Bardwdn, and comprises a great thickness of coarse and fine 
sandstones, with shales and coal seams.® The sandstones are moderately 
coarse, as a rule in thick massive beds, white or brown in colour, and 
obliquely laminated. They are usually more or less feispathic, the felspar 
being converted into kaolin. Bands of rather calcareous, fine, hard, yellow- 
sandstone, often weathering out at the surface in nodular fragments, are 
common and characteristic of the group. Conglomerates are of rare 
occurrence. Shales form a much smaller portion of this group than they 
do in the Dainodar area of the subjacent Barakars. They are sometimes 
black and carbonaceous, sometimes bluish grey, and occasionally red or 
brown, more or less mixed with sand or stained by iron, and small bands 
of argillaceous ironstone occasionally occur, though they are not common. 
The coal is composed of alternately bright and dull layers, as in the 
Barakars, 

This group is of considerable thickness in the RAnfganj field, being 
as much as 5,000 feet from top to bottom where fully developed, and it 
is possible that this is less than the original thickness, for the next group 
in ascending order rests upon the denuded surface of the present. The 
Rdniganj group diminishes in thickness in the other fields to tlie west- 
ward, and appears to be represented by groups of different mineral charac- 
ter beyond the limits of the Ddmodar drainage. 

As a general rule, the Raniganj beds are conformable to the ironstone 
shales, but the higher group oversteps the lower, and rests on the Bara- 
kars, in the Bokdro coalfield, near Hazdribdgh. 

No animal remains have been found in the rocks of this group, but 
plants are abundant and comprise nearly all those in the Barakar groups, 
besides a number of species that are not known from any lower horizon. 

The lithological distinction of the threefold division of the Damuda 
series, and the overlying Pd n diet group, which will be noticed further on, 
has only been recognised with certainty in the coalfidds of the Damodar 
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valley. The R^niganj and Pdnchet groups have been recognised, pala^on- 
tologically, in south Rewa, though they have not been mapped, but in the 
Mahanadi and Goddvari drainage areas the Barakars are overlaid by a 
great series of beds which have been described in different areas by 
various names. 


in the Satpura ranges, south of the NarbacM^ the low'er Gondwdna 
beds, above the Barakars, have been divided into two groups, »^the Motiir 
and Bijori. This area has not had the same attention paid to it as that of 
Bengal, the Godavari valley, and Orissa, and the classification of the beds 
above the Barakars must be regarded as purely provisional. 

The iMotur group ^ derives its name from a village of that name 
situated about 12 miles south-south-east of Pachmarhi, on the dividing 
ridge between the valleys of the Denwa which runs into the Tiwa, 
a tributary of the Narbadd, and the Kanhdn, which is a tributary of 
the Godcivari. The village is on the road from Badnur and Chhind- 
wdrd to Pachmarhi, and was at one time used as a sanitarium. 

The beds of this group somewhat resemble the Pdnehets of Bengal in 
mineral character. They consist of thick, coarse, soft, earthy sandstones, 
grey and brown, sometimes with red and mottled clays and calcareous 
nodules. Shales occur, but they are usually sandy and very rarely carbona- 
ceous. It is probable that the Motur group is unconformable to the Bara- 
kars. No collections of fossils have hitherto been made from the beds of 
the Motur horizon. 

The highest members of the Damuda series in the Sdtpura regioii 
are exposed in the upper Denwa valley, at the southern base of the 
Mahadeva or Pachmarhi bills. For the rocks of this horizon the name 
of Bijori has been proposed,^ from a small village rendered famous 
by being the locality whence the only distinctly vertebrate fossil, except 
Brachiops, yet obtained from the Damuda series, was procured. 

The rocks of the Bijori horizon are characteristically Damudas, and 
comprise shales, occasionally carbonaceous, micaceous flags and sand- 
stones. 

Nothing definite is known of the relations between the Bijori and Motur 
groups, nor has the thickness of either been determined, but the greater 
portion of the 3,000 to 4,000 feet of beds, intervening between the 
Motur beds and the base of the Pachmarhi sandstone, may be assigned 
to the Bijori group. 

The most important fossil hitherto found in the Bijori beds is the 
specimen already referred to, which is the skeleton of a Labyrinthodont 
allied to Archegosauria^ described by Mr. Lydekker under the name of 
ijondzvaHosaurus hiJorie^sisA ■ 

i Memohs, X, 161, (1873). . ' 1 ^ Indka, series 5v, I, pt 4V(iSS5). 

^ M'em&irs^ X, 2 59Ti873). 


i68 


GF.OLOGY OF INDIA— GONDWANA 


SYSTEM 



Besides the lab) rinthodont, 
fied * 

EaUlSETACEiE— ; 

Schisone7im gondwanensis. 
Verfehraria indie a. 

2d't^)gia ^^feciosa, 

F I LICKS — 

Dieksonia, sp. 

GlossopUris communis^ 


the foliOWiBg. plants have, been idenli- 

i WiLiCESr-tontd^ 

\ ■ . Clossephris damtidlcei, 

■ ! ■ ,, ■■ retifera, 

V . '(ingnstifidia, 

I , Gangfimapieris^sp, 

I CONIFKR.^— ■ ' 

I ■ Smuaropsi Si cf*- par^tda,' 


The general 'fades of this flora 'correspoiids.' best .with that of the 
R^niganj group in Bengal^ with which it nia}^ be correh^ted in a general 
wav, as long as exact contemporaneity of origin is not asserted. 


hi the Godcivari valley, and in Chhatisgarh and western Orissa, the 
beds which overlie the Barakar group have been described under the 
names of Kamtld and Hingir, respectively, but in spite of some minera- 
logical differences, the two seem to represent each other so closely that 
they may be united under the first mentioned and older name. 

The name Kamthf is derived from the military station so called, 
twelve miles north-east of Nagpur, and the station again derives its name 
from a village on the opposite side of the Kanh^n river, where there is a 
famous quarry which has yielded a large number of fossils. The term 
Hingir is derived from a zamindari of that name situated north of 
Sambalpurd 

The typical Kdmthi rocks consist of conglomerateSj grits, sand- 
stones, shales, and clays. The conglomerates contain pebbles of quartz. 
The grits are sometimes hard and silicious, so much so as to be quarried 
for quernstones, but usually they are soft and argillaceous. They 
are frequently stained by iron, and are often intersected by hard ter. 
ruginous bands of a dark browui colour. The sandstones are of every 
shade of colour, and vary greatly in character. They comprise fine grained 
micaceous beds, white in colour, wdth blotches and irregular streaks of red, 
and one of the most characteristic beds of the formation is a verj^ fine 
argillaceous sandstone, hard, massive, and homogeneous, resembling a 
shale in structure, except that it exhibits no trace of lamination, yellow in 
colour below the surface, but becoming red when exposed. It passes into 
red shale. Another characteristic bed is a hard grey grit or sandstone, 
ringing under the hammer and breaking with a conchoidal fracture. Hie 
days are red or green in colour, and chiefly prevail in the upper portions 
of the group. 

These typical beds, with the exception of- the clays, are chiefly de- 
veloped nearNigpur. Elsewhere the K4m, this consist mainly of soft, porous 

I Pal, IndkUi series xii, II!, pt «i, 17, (18S0)* ® VlII, (1S7S). 
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sandstone, brown or white in colour, and conglomeratic in places, often 
with hard, ferruginous bands, and a few red shales. Here and there, 
however, a band of one of the characteristic rocks is met with towards the 
base'' of 'the formation. 

The chief peculiarity, which distinguishes the Kdmthi group from the 
Rdnfganj and Bijori groups, is the absence of carbonaceous markings. In 
other Damuda groups, with the exception of the ironstone shales, the 
remains of plants generally retain a portion of their original carbon, but 
this appears very rarely to be the case amongst the Kamthis. 

The thickness of the Kdrn till group has not been determined, but it is 
undoubtedly considerable, probably 5,000 to 6,000 feet at least. The beds 
belonging to this group generally appear conformable to the Barakars, 
but it is extremely doubtful if the conformity is more than apparent, for 
the K^mthf beds overlap the Barakars in a most irregular manner, and 
the break in conformity between the two is well marked in places. The 
Hingir beds, both near Sambalpur and in the Talcher coalfield, certainly 
rest unconformably in places on the Barakar group.^ 

The fossil plants of the Kamthi group comprise the following species 


D. Phyllotheca mdica, 

D. Verlebraria indtau 
Pecopierts, sp. 

D. P. Clossopferis communis. 
D.P. „ indica, 

D. „ brozoniana, 

D. 5, damudica. 

„ stricta. 


Clossopteris rnnsafolia, 

,» leptoneura, 

G(i ngi imop ter is h ugh esi. 
^iJgiopicridium^ cf. rnacchlUmdu 
D. Macvotmniopteris danceoide^, 

D. „ feddcni^ 

Nccggeratliiopsis hislopi. 


In the foregoing list the letter D prefixed to the name of a species 
signifies that it is also found in the Damuda series of Bengal, and the 
letter P that the same species is known from the Pdnchet group. Of the 
former, all are found in the Riniganj group, but not all in the lower groups, 
one species Angiopteridium inacclellandi\\^s been found in the Rdjmahdl 
group of the upper Gondw^nas. The character of the flora wmuld lead us 
to regard it as homotaxial with the Rdniganj group or possibly newer. 

In the neighbourhood of M^ngH, a small deserted village lying at 
the northern extremity of the Wardha Gondwdna basin, about fifty miles 
south of Nagpur and thirty-five north-west of Chanda, some quarries have 
long existed, from which a very fine red and yellow sandstone is obtained 
and employed in building, chiefly for ornamental purposes and for carv- 
ings. The stone is precisely similar to that of Siiewida and other 
typical exposures of the Kimthi group, near Nagpur, and the coarser 
associated sandstones of Mingli differ in no way from the ordinary K^mlhi 
grits. ■ ■ ^ 

^ Records, VIII, 113, (1875)* , , ^Pal, series xH, III. pt, ii, 19, (1880). 
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The: quarries of become well known by name to Indian 

other.; countries, having furnished to 
Mn Hislop:tbe, first Lahyrintliodoiit amphibian, fossil {hrachiops iaiiccps) 
detected in India:* 'They have also yielded: a species of and a 

few. pla.nt remains. ' The latter are so poor that very Httle dependence can 
be placed upon their determination. One is believed lobe coniferous, and 

has been, referred to Paitssja f another is a stem of 
a fern. The species of has been named 

E, 7nangaliensis by Rupert ■ Jones. A siiialier: 
variety closely resembles the foiiod in 

the Panchet group of Bengal and .may be identical,, 
but' the identification is not quite ce,rtain, .as 
the F^dnchet fossil is so poorly preserved that 
’^,— E$ikena mangali'^ sooie of the Specific characters, depending upon 
the microscopical texture of the shell, cannot be 
ascertained* 



Rupert Jones (enlarged 
3 diameters). 


The uppermost beds of the lower Gondwcinas in theScitpura range have 
, been distinguished under the name of Aimed from a village at the south 
base of the Pachmarhi escarpment. The rocks consist of sandstones with a 
few carbonaceous shales, from which no fossils have been obtained. Their 
relations to the groups above and below require farther investigation. No 
unconformity has been traced and their sole importance comes from their 
position between the Mahadevas and Damudas, and the consequent pos- 
sibility of their representing the Pdnehets of Bengal. 


The term Pdnehet was originally applied to two groups of beds in 
the Rdniganj coalfieldA It is now restricted to the lower of these 
groups, the upper Panchets of the Ddmodar valley being referred to 
an upper Gondwdna age, and ascribed to the Mabadeva series. The 
name was derived from an important zamindiri, which still com- 
prises a large tract in the southern portion of the Rdniganj coalfield and 
formerly included much more, and the same name is that of a large hill, 
the basal portion of which consists entirely of Panchet beds. 

The great mass of this group consists of thick beds of coarse feispathic 
and micaceous sandstones, often of a white or greenish wliite colour, with 
bands of red day from a few inches to twenty feet in thickness. The felspar, 
in the sandstones, is occasionally undecomposed, which is never the case in 


* See Ouari, Jom, GeoL X? 472, 

(1854) iXC 37, (1855), 

- Feistraantel, X, 26, (1877). The 
identification seems doubtful, for Sir Charles 
Bun bury suggested the possibility of the stame 


stem belonging to the Lycopodlaceous genus 

Knefrta* 

/W, S 0 c,f -Mem. Foss, EsUv-rbe, p. 7% 

(1862). 

^ Memoirs^ III, 30, 12A *32, etc., (1863). 
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the Danitidas. Conglomeratic beds sometimes ocGur in the upper portion 


of the gtoupj btat they are not common. i\t the base of the 


group o-rey 


and greeiiislvgrey saiidstones and shales are usually found in very thin 
beds, and often highly micaceous. In places the greenish micaceous 
clays are met with higher in the group. 

The F^dnchet rocks are distinguished from the typical Damudas by the 
presence of red clay and the absence of carbonaceous shales, and by the 
sandstone being, as a rule, much more micaceous. But rocks of the 
Panchet character are found in parts of India interstratified with the 
Damudas, as in the hlotur group. 

The thickness of the present group in the Dimodar valley nowhere 
exceeds about i,8oo feet. It rosts with slight, but distinct, unconformity 
upon the denuded surface of the Rdniganj group, and in some places the 
Pdnchets coiiipletely overlap that group and rest upon lower beds, the 
unconformity being most marked in the Bokaro coalfield. Fragments of 
coal and shale, apparently derived from the Damudas, have occasionally 
been found in the conglomerates of the Pdnchet group. 

The most important remains of animals hitherto found in the lower 
Gondwdna rocks have been derived from the Pdnchets. In the upper 
portion of the group there is, in the Ranfganj coalfield, a well marked 
conglomeratic band containing reptilian and amphibian bones. These are 
isolated from each other and sometimes slightly rolled The specimens 
obtained have been examined and described by Prof. Huxley and Mr. 
Lydekker^ and comprise the following forms, besides a few others whose 
affinities are doubtful. The plants were described by the late Dr. 
Feistmantel;^ A dagger in the following list indicates species also found 
in the Damudas — 


•■■■' 'ANIMALIA. ^ 

Amphibia — 
v^■;Labvrmtl^c)^^ 

'Gmmglyptus _ 

hudevu : 

G lypiogiiaih ns 
Ptwhygoma incuTihita* 

Dicynodonlia — 

DiLynodoii orientalise 
Ptycho-singuni {Ptychognathus) oruU' 

v';: . 

Dinosauria — ’ . , ' 

Ep i ca 7n opdo n {An histrodon ) indi cus* 

Estheria 7nan^ali€nsis (P). 


PLANT.^. 

EaUISETACEiE — 

t Schison eii ra gond wan cnsise 
t V ertebraria indica. 

Filices — 

Pec op ter is concinnOe 
Cyclop teris (?) pachyrhaca. 
Thinnfeldia^ cf. odontopter aides, 
OUandridium^ cf. stenoneufone 
t Glosscpte-iis conimunise 
t „ indica, 

t „ damudica. 

t „ angiistifolia, 

Cycadeace.® — 

Scales. 

COKflFERiE— “ 

t Samaropsis^ cf. parmla* 


3 Pal, Indica, series w, Indian pretertiary ® Pal Indices, senss kH, III, pt ii, pp. $1—56, 
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; Ji.—THE Upper GondwAha series* 

The unfosslliferous beds of the lower part of the upper Gondwanas 
havej, in the more recent publications of the Geological Survey, been 
generally referred to under the name of Mahideva. lliis name, first 
applied to the sandstone of the Pachmarhf hills, ^ was subsequently extend- 
ed so as to comprise all the beds of the Sat para basin above the 
Damudas of the lower Denwa valley, except the Jabalpur group, and 
has ultimately come to be a convenient, because indefinite, term 
to apply to the soft sandstones and conglomerates, of obscure strati- 
graphical position, seldom containing any fossils except fragments of 
carbonised wood, which there is good reason tu believe belong to the 
lower part ot the upper Gondwdiias, though they cannot be assigned with 
certainty to any particular horkon. 

The Mahadeva rocks consist chiefly of very tliick massive beds of 
coarse sandstone, grit, and conglomerate. These are frequently ferrugin- 
ous, or marked with ferruginous bands, as in the KdmthiS. They are asso- 
ciated with clays, and occasionally with bands of impure earthy lime- 
stone. The sandstones form high ranges of hills, and often weatlser into 
vertical scarps of great height, forming conspicuous cliffs that contrast 
strongly with the black precipices of the Deccan traps and the rounded 
irregular masses of the more granitoid metamorphic rocks. 

In the typical area of the Satpura region the Mahddeva rocks attain 
a thickness of at least 10,000 feet^ nine-tenths of which consist of coarse 
sandstone, grit, and conglomerate, 1 hey appear to be unconformable to 
the underlying Damudas, as the series overlaps the upper members of 
the lower Gondwana series. 

In the SAtpura region the Mahddeva formation has been subdivided 
into three groups,— -the Bdgra, Denwa, and Pachmarhi,— eachof which re- 
quires a few remarks. 

'I he name of the Pachmarlu ^ group is derived from a village on the top 
of the hills of the same name, and the site of a sanitarium. group con- 

sists of massive sandstone, whitish or brownish in colour, usually soft, often 
containing small subangular pebbles, and occasionally intersected by hard 
ferruginous bands. As a rule, the stratification is obscure, oblique lami- 
nation being common, and the different beds of which the group is 
composed exhibit great irregularity in superposition and often overlap each 
other.,, Ihe hard ferruginous partings are most irregularly interspersed 
thioughoiit the mass, usually as thin beds, though not always perfectly 
parallel to the planes of stratification. Sometimes the impregnation with 
ii on^is confined to pipes or nodules. . Fragments' of these ferruginous bands 

i 5 fmr, A$. Bmg., XXV, 252,' (1856) f f * Memoir. X, '15^ 

Ifi j83, 315, (18^0). 1 
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are often scattered in qiiantilies over the surface, and serve to distinginsh 
the Oiiterop of the Pachmarbi group from those of the underlying beds.^ 

The Pachmarhf group comprises, where thickest, 8,000 feet out of the 
10,000 found in the Mahddevas of the Sdtpura hills. 

The middle group of the Sdtpura Mahddevas is named ^ after a 
stream which rises on the south side of the Pachmarbi range and, 
turning round the eastern end of the ridge, forms its northern boundary 
throughout, falling finally into the Tdwa. The course of this stream, 
north of the fkichmarhi hills, is the area of the Denwa rocks, \vhich, 
presenting a marked. contrast to the massive Pachmarbi sandstone, arc 
principally composed of soft clays, pale greenish yellow and bright red, 
mottled with white in colour,, forming thick beds interstratified wit]> 
{liscontinuous and subordinate bands of white sandstone, and very rare 
courses of earthy limestone. The sandstones are locally conglomeratic. 
In short, in mineral character the Denwa rocks are a repetition of the 
Motiir group in the middle of the Damuda series, and resemble the 
Pdnchets of Bengal. 

The thickness of these beds in the Denwa valley is about 1,200 feet. 
They appear in places to pass into the underlying group, although they 
are quite distinct in the typical area. 

The Denwa group is the only one which can be correlated to those 
of other parts of India on palseontological grounds. Vertebrate remains 
have been found in it, and more abundantly in south Rewd, which show 
that it is the equivalent of the better known Kota-Maleri group of the 
Godavari valley. The name is consequently one which will probably drop 
out of use as the relations of the rock groups are more completely 
worked 01. t. 

The uppermost group was named Bagra® from a hill fcrt built upon it, 
where the river Tawa cuts its way through a spur of the Sdtpura hills, 
south-east of Hoshangdbad. It is largely composed of conglomerates, 
often coarse, frequently with a deep red sandy matrix. It is more 
calcareous than the other Mahadeva groups, and bands of calcareous sands 
and clays and limestones, sometimes dolomites, are of frequent occurrence. 
The group is very’ irregular in composition. The greatest thickness does 
not exceed 600 to Soo feet, and in places it overlaps the Denwa shales 
and rests directly on the Pachmarhf sandstones. 

The generally unfossiliferous nature of the Mahddeva beds, their soft- 
ness and ease of weathering, render their recognition with certainty a 
matter of difficulty. In the coalfields of the Ddmodar valley some soft 
pebbly sandstones, which were formerly regarded as upper Pdnchet^ are now 

’ It should not be forgotten that simHar | ® Memoirs, X, JS 3 , (1873). , 

ferruginous layers are found in tli^, -iCdmthfs,,' ■ | ^ ■ ; ; ,0 
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regarded as very probably .'Mabadevas, .■ Their' relations to tlie underlying 
rocks are diffiGult to make out, the greatly obscured ty 

pebbles and detritus derived from the newer grits, but there appears to be 
some unconformity. 

In the Talcher field and in Chhatisgarh the uppermost soft pebbly sand- 
stones are believed to be Mahddevas, but have not been coloured as upper 
Gondwanas on the accompanying map, as their age has not been satisfac- 
torily establislied, and the outcrops are small 

Mahddeva sandstones are found in the Narbada valley, running out 
from under the scarp of the Deccan trap at Bdruai,^and further west 
certain sandstones, underlying the cretaceous of the Narbadd valley, arc 
probably of Mahadeva age, but as they have been hedd to be cretaceous 
the question of their age will be discussed when dealing with that 
system.® 


Ill the Rdjmahdl hills the lower Gondwdnas are overlaid by a tiiick 
band of coarse sandstone, which was at first associated uitii the overlying 
beds, but has since been separated, as it is unconformable to them, it is 
lithologically very similar to some beds in the Damodar valley, which are 
believed to be of upper Gondwdna age, and possibly is a representative 
of them. 

The Dubrdjpur group, as this band of sandstones and conglomerates 
is called, takes its name from a village^ in the Rdjmahdl hills, situated 
about forty miles north by east of Suri. I’he component beds are sand- 
stones of several varieties, grits and conglomerates, for the most part ferru- 
ginous. Fine grained beds are not common, although shaly sandstones 
are occasionally met with. Most of the coarser beds are ferruginous, and 
one form of conglomerate, of frequent occurrence, consists of quartz 
pebbles in a ferruginous matrix. A precisely similar bed is found in the 
supposed Mahddeva beds of the Ddmodar valley. 

Along the western scarp of the Rdjmahal hills the rocks of the Dubrajpur 
group rest partly upon the Damudas and partly upon the rnetamorphic 
rocks, the Damudas (Bardkars) being repeatedly overlapped by the 
Dubrdjpur beds in a manner which shows the two to be quite unconform- 
able. The greatest thickness of the Dubrdjpur group in the Rdjmahdlarea 
does. not exceed about, 450 feet. , -Some.. specimens of a cycadeaceous .plant 
{Ptiiophyllum) were once found near the southern extremity of the hills 
in the uppermost beds underlying the Rajmahal trap, but there is some 
little doubt as to whether the fossilifetbus' band may not belong to the 
Rdjmahil series itself, > 

* VIII, 73, (1873). , ' . j »Pa/. Udica, series ii, I i, (1863); 
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The Rajmahal series derives its name from a range oi hills in Bengal 
extending north and south from the Ganges to the neighbourhood of 
Suri in Birbhum, and, unlike the other members of the Gondw^na 
system is confined to the neighbourhood of the eastern margin of the 
Indian Peninsula. Some species of fossil plants, identical with Rdjmahdl 
forms, have been found in other localities, but they are either isolated, or 
associated with plants belonging to a different flora. 

In its typical locality the H^jmahdl group of the Rdjmahdl series con- 
sists of a succession of basaltic lava flows or traps with interstratiflcations 
of shale and sandstone. The, sedinientary bands are held to have been 
deposited in the intervals of time which elapsed between the volcanic out- 
bursts, by the circumstance that the different bands of shale and sandstone 
differ from each other in mineral character, and also that the upper surface 
of the shaiy beds has sometimes been hardened and altered by the contact 
of the overlying basalt, whilst the low’^er surface is never affected. The 
sedimentary bands are chiefly composed of hard wdiite and grey shale, 
carbonaceous shale, white and grey sandstone, and hard quartzes e grit. 



Fig. 12. —Radiating col’-.mnar trap, Rdjmahal hills. 


The trap rocks are all dark coloured dolerites. They vary in character 
from, a fine grained, very tough and hard rock (anamesite), ringing under 
the hammer, and with the edges of its fracture almost as shaip as those 
of a quartzite,’ to a comparatively soft, coarsely crystalline basalt. The 
latter usually contains olivine in large quantities. Many of the trap rocks 

^^our. As. Soc. Beng., XXUI,; 263,; j ^09, (1877) j series h, I, i , (1863). 

(1854); Memoirs^ 11 , 313, (1860) ; XIII; 1 
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are amygdaloldalj the enclosed nodules iisually containirjg some form o( 
quartz, either agate, chalcedony, or rock crystai. Occasionally, but less 
frequently, zeolites are found, stilbite being the commonest, natrolite less 
abundant, and analcime has also been detected, It is not usual to find the 
cavities lined with green earth, as is, so frequently the case amongst the 
amygdaloids of the Deccan trap. The basaltic Hows above the sediment- 
ary bands are, as a rule, compact. 

Very little light is thrown on the source of the basaltic rocks by anv 
observations within the Rajmahil area. Dykes are rare, and there is only 
one instance known of an intrusive mass which may mark the site of an 
old volcanic outburst. This is about 22 miles south south-east of Colgong 
on the Ganges, close to a place called Simra, where a groiif) of small coni- 
cal hills occurs, composed of pinkish trachyte, porpbyritic in places, and 
surrounded by Damuda rocks. The surface of the ground is much ob- 
scured by superficial deposits, but there appears good reason for suppos- 
ing that the core of a volcanic vent is here exposed. It appears not an 
unfrequent occurrence that the later outbursts from a volcano are more 
silicious than earlier eruptions, and that a volcanic core, even when the 
lava flows have been doleritic, should itself prove trachytic, when exposed by 
denudation. This may be due to the solution of the highly silicious mela- 
morph ic rocks through w'hich the outburst took place by the molten lava 
remaining in the fissure after the eruption, and the consequent conversion 
of that lava from a basic into an acid rock. 

Trap dykes and intrusions, believed to be of Rijmah^l age, are 
abundant in the coalfields of the Ddmodar valley, and both dykes and cores 
of basalt are common in the portion of Birbluim lying south-west of the 
Rdjmah^I hills. It is possible that the principal vents lay in this direction, 
or they may have been in the region now covered by the Ganges alluvium. 
The difficulty of determining the original source of eruptive locks will be 
again illustrated in the case of the Deccan traps.^ 

The bedded basaltic traps of the Rdjmahdl hills, with their associated 
sedimentary beds, attain a thickness of at least 2,000 feet, of wliicli the 
non-voicanic portion never exceeds ico feet in the ^^gg^egate. They rest 
with general parallelism on the grits ' and coarse sandstones of the 
Dubrdjpur group, but nevertheless several instances of overlap take place, 


* Some doubt still attaches to the deter- 
raination of the true age oi the Rajmah4! 
traps. Detailed examination has- shown that 
a close lithological resemblance exists be- 
tween them and the Deccan traps ; Records^ , 
XK, 104, (1887); XXn, 226, (1889). This ' 
is not, however, In itself sufficient to prove ■ 
their contemporaneity. On the other hand ^ 
the examination of the stratigraphical refa- 


tbns of these traps 111 the field cannot be said 
to have been so close as to preclude the pos- 
sibility that the supposed interbadded traps 
are really intruded along the planes of bed- 
ding. The correhitiors of the Rdjmahal traps 
with the Sylhet traps i$ an important point, 
■as ■: (if. It ■ is correct) the former must be 
older than the Deccan trap period. 
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and, in one locality at least, there is evidence of the Dubrajpur beds having 
been denuded before the deposition of the Rdjinalial group. 

From the extent of the area throughout which these dykes are de- 
veloped, conclusions may be drawn as to the original limits of the volcanic 
action coincident with the period of deposition of the Rdjniabdl group. 
The number of trap dykes gradually diminishes in the coalfields of the 
r)amodar valley from east to west, until finally, in the Karanpurct field 
south-west of Haz^ribdgh, volcanic intrusions disappear almost entirely, 
and none appear to be known further west, until basaltic dykes of different 
age, which apparently are contemporaneous with the much newer 
Deccan trap, make their appearance. Outside of the coalfields it is 
difficult to distinguish the dykes belonging to the Rcijmahal period from 
older eruptions, but there is not the same abundance of extensive basaltic 
intrusions in southern Monghyr, Hazaribigh. and Chutid Ndgpur as in 
Birbhum. So far as can be judged, the region immediately north of the 
Raniganj coalfield was one of the foci of eruption and it is far from im- 
probable that the bedded traps of the Rdjmahal hills had originally a 
considerable extension to the south-w'est and south, though, as no single 
outlier has been preserved, it is impossible to feel sure of the inference. 
There is, however, considerable probability that a large tract in the 
Damodar valley, including the whole Rdniganj field may have been once 
covered with bedded traps. 

The great difference of age between the Rijmahdl group on the 
one hand and all the lower Gondwdna rocks, including the Damudas 
and Pdiichets, on the other, is well illustrated by the change in the 
flora and by the very much greater amount of disturbance to which the 
Damuda rocks have been subjected. The Rdjmahdl traps are almost 
horizontal, and no faults have been observed in them, while the dykes 
which abound in the Rdniganj field, and are almost certainly of Rajmahdl 
age, are newer than the faults of the coalfield. 

By far the greater part of the Rdjmahal fossils have been obtained 
from two bands of finegrained whitish or greyish shales — the upper 25 
to 30 feet thick, the lower 10 to 15, — separated from each other by 
lava flow, and having other beds of trap, with intercalations of sandstone 
and shale, above and below. 

The following is a list* of those hitherto described from this group 

Fii.ices— 

Sphmoptens hislopi, 

„ memhranoso^ 

Dicksonia bindrabimensis. 


EaUISETACE^ — 

Equisetum rajmahalense, 

Filices — 

Sphenopteris aiguta, 

^ The iibt is taken from O. Feistmaatel, 
PaL Indim^ series ii, I, 143, (1877). 
case of Thinnfeldia salicifolla^ Dietyqmnut^^ 
falcatus and Eckinostrobus indiem^ the 


original specific names have hem restored jn 
place of P, indica. D, indices and /i*. rai-> 
mahale n sis y. RS t\\eve dioes not seem to be 
cient reason for the change. 
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Hvm 'nop'i vlUtcs Imnburynnns. 
Cyclopteris ol Ummi. 

Th { n )}fi. Idia sa I icifol i a . 

. Alethop^eris tndica. 

Asp! en lies m a rraci jf rp ns, 

Pe c op ter {s / ah a fa 
Gleivhenia bin ahnneosis. 

A n 8, i ^p te ; ■ :di ii in in a ccl el I a n d i\ 

. 5 ,' . spathtdatnm. 

„ ensis. 

Macratceniopteris Infa. 

erassineyvfs, 

' " ovaU, 


j C Y C A 0 E AC B m —contd, 
j Pterophyllum rajmahnlense, 

1 ■ ' Jtssnm. 

j ■ » cf. propi nan Ifni. 

i Znmites proxi mm* 
j PtiiophyUnm actiiifoUinn, 
i , . „ cntciiens', 

j Oiosamtfes bengalen>is. 
i ■ , „ abbreinafns, 

i . „ MhamP 

! Dictyosamites falcafiis: 

I Cycndites confertus. 

I ,, rajmahalensis, 

Cycndinoearpns rajninhfdenn 


Darue&psis rajmahalensis . 

Cy CADE ACE iE — 

Pterophyllum distans* 

„ carteviamtm. 

„ morfisiauum* 

5 , medlicoUi.tn u m, 

pf'inceps* 

,, crassum. 


Williamsama micraps, 
Ptilophyllum cL IF. 

CoNIFERiE — 

Palissya indica. 

J, conferta, 
Chii'olepls gractUs. 

Cun n inghamites diibiasu s, 
Echinostrohtis indicus. 


The first thing which must strike any one in looking over the above 
list is the great change in forms of life between the upper and lower 
Gondw^na series, so far as we are yet acquainted with them* It is 
highly probable that intermediate beds may hereafter be found, but for the 
present there seems to be, in Bengal at least, just as great a break in the 
flora as in the stratigraphy, The most striking distinction is that the 
prevalent forms in the lower Gondw^nas are Equiselacew and ferns of the 
Glossoptens type, Cycadeacea^ being rare, whilst in the upper Gondwanas, 
and especially in the R^imah^l group, Cycadeacea^ prevail, their individual 
abundance being so great that they frequently form the mass of the 
vegetation. In fact, the cycads, and especially Ptiiophylhitn acatifoHum 
are just as abundant and characteristic in the Rajmalial group, as 
Gloszopteris and Vertehraria are in the Damudas. 

The Rajmalidl beds are represented along the east coast by a series of 
small outliers, most of them too small to deserve detailed notice here, which 
are interesting, as they appear tp comprise some rock groups of later age 
than the R^jmahdl, and contain marine fossils associated with the plants. 

The most northerly of these is the Athgarh basin, a tract of sandstone, 
some twenty miles long from north to south, and eighteen miles from east 
to w^est close to the town of Cuttack, on the western margin of the alluvial 
plain. Some carbonaceous shale, occurring in the lower portion of the 
sandstones, has been supposed to indicate the presence of Barakar beds, 
but no Damuda fossils have been found* The relations of the remaining 
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part of the rock very obscure, and they were believed to be of Kdmthi 
age til! the discovery of characteristicallY R^jmahal fossils in them.^ 


On the right bank of the Godavari, near Thalapucli, about 
ten miles above Rajimahendri, a well marked belt of upper Gondw^na 
beds commences, which extends for sixty miles, from the Godavari to be- 
yond Golapilii west of Ellore. The width of this belt varies from ten to 
fifteen miles. There is a general dip to south-east or east-south-east at 5^ 
to iO°, and the beds rest unconformably, throughout a considerable portion 
of their area, upon various members of the Kclmthi group, but they 
overstep this group, both to the east and west, and rest upon a sloping 
floor of gneiss, which has the appearance of a plane of marine denu- 
dation formed after the deposition of the K^mthf rocks, as the latter 
rest upon a much more uneven surface of the melamorphic formations. 
This appearance of resting upon a surface which had been fashioned 
by denudation after the deposition of the lower Gondwcina beds, quite 
agrees with the peculiar distribution of the Rijmahal g^^oup and its 
associates, which evidently were accumulated in a distinct area from 
that in which the Gondwdna beds of the God^lvari valley were deposited. 
To the south-east the upper Gondwina beds of the E^llore area disappear 
beneath the Cuddalore sandstones and the alluvial deposits of the 
Godavari delta, except west of Rdjdmahendri, where the Gondwdnas are 
covered by outliers of the Deccan traps. 

The rocks of the Ellore area are peculiarly interesting, because they 
appear to contain representatives of groups higher than the Rdjmahdls, 
associated with beds in which the typical Rajmabdl flora is well preserved. 
Dr. King, who surveyed the rocks of the Goddvari district, classed the 
upper Gondvvdna beds in three subdivisions, thus distinguished in de- 
scending ordei J Tripetty sandstones. 

2. Ragavapuram shales. 

3. GolapilU sandstones. 


The Golapiih sandstones consist of brown and red sandstones and 
conglomerates which form a broad plateau near GolapiUh capped by 
conglomerates and gravels, probably belonging to the Cuddalore 
sandstones. 

The following plant fossils have been obtained from the Golapilii 
beds : — ^ 


Filices— 

Alethopieri^ ifidica* 

Pecopteris macrocarpa* 

^ Feistmantel, RecordSf X, 68, jj) ] Pal, 
Jndica^ series xii, I, 187, (1879). 


Filices,- contd. 

Avgioptendium 

,9 

» Records, X, S6. ,(i88o) ; Memoirs, XV I, 
21 Ij (1889)^ 
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Cycadeace^ — 

Ptilophijlliim acutifo liti m. 

„ cutchense, 

Dictyosiami tes indicus, 

Pterophyi I u m m Q>yris2 a n u fu * 
cayteriamim. 
ki>''giantim* 
di stalls. 

All the sh&r% with the exeption of kingmmiM, the 

Cheiroiepis and Araucarites macropteruh, are characteristic R^jmah^l 
.forms.. 

Resting upon the Golapilli beds, in the neighbourhood of Ellore, there 
is found a thin band of white and buff shales, having a few interstratihca- 
tions of sandstones towards the base, not more than loo feet thick. No 
unconformity has been detected between these shales and the Golapihi 
sandstones, but there appears to be some difference in the flora, for, while 
the plants of the Golapilli standstones are all Rijmahdl forms, except a 
fe-w species peculiar to the beds, the flora of the overlying shales com- 
prises, in addition to several forms common to the beds below, a few 
species allied to Jabalpur plants. The shales have been called Ragava- 
puram, from a village situated about Uventy-six miles north-north-east of 
Ellore. A list of the plants will be found in the tabular statement on 
page 183. 

With the plants are some marine shells, chiefly casts, amongst which 
are some Ammojiites^ apparently allied to middle Jurassic species, the 
principal form being near A, opis, but distinguished by having the ribs 
simple throughout. opts belongs to the subgenus Siephanoceras^ and 
to i\\Q gioxx^p oi A, macrocephaluSj and is found in the Ch 4 ri and Katroi 
beds of Cutch (callovjan and oxfordian). Besides the ammonites, Ledm 
Pecten^ Gervillia^ etc., occur, the Leda being especially common and 
characteristic. 

Above the shales just noticed there is another thin band of dark brown 
and red sandstones and conglomerates, chiefly ferruginous, with silicious 
and argillaceous bands, and beds of concretionary clay ironstone named 
from a pagoda called Chinna (little) Tirupati (Tripetty), which stands 
upon a scarp composed of them, about twenty miles north-nortb-east of 
Ellore. Towards the bottom these sandstones become softer and less 
ferruginous. In the main area, near Ellore, these Tripetty, beds are only 
' 40 feet in thickness. 

The Tripetty beds in the main area have only yielded fossil wood, 
but from some outlying patches, near.Innaparazpilay^m about twenty-four 
miles north by east of Coconida, supposed to belong to the same band, Dr. 


CvCADEACEiE— .. 
Williamsoiiia gigiS, 

CONlFERiE— • 

P-tilissya cmfeida, ■ 
indica* 

Cheiroiepis^ cf, nmensferi, 
Aroncafites macro ptertis^ , 
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King obtained two Trtovm^—T. smeei md T. veniricosa, --both ol which 
are characteristic of the Umra beds of Cutcli. 

The sequence of upper Gondwiiia beds in the neighbourhood of Eliore 
is ver}^ instructive. The whole series rests unconforraably on the Kdmthis 
(lower Gondwdna), and although the whole thickness of the upper Gond* 
wdna series is trifling, apparently not exceeding 200 or 300 feetj it com- 
prises representatives of the Rijmahal and Umia groups, and of an inter- 
mediate formation. Yet these thin bands exhibit no marked unconformity. 
The middle group is overlapped at both ends, it is true, but there is no sign 
of any important break. It is clear that the country must have undergone 
very little disturbance in the interval between the deposition of the differ- 
ent groups, and, judging from this instance, it is impossible to argue from 
the small amount of discordance between successive subdivisions of the 
Gondwina series, that the period of time which elapsed between the differ- 
ent groups was of small amount. No notice would, in ail probability, have 
been taken of the distinctions between the different beds at Eliore, but 
for the fossils, and many similar subdivisions might be practicable in such 
groups as the Kimthi or Pachmarhi if the stiata were fossiliferous. 


South of the Kistna river Mr. Foote has detected a threefold division 
of the Gondwina beds, similar to that of the Eliore region, and has distin- 
guished the groups seen near Ongole as follows ^ 

3. Pdvulur sandstones. 

2. Vemavaram shales 
Budav ad a sandstones. 

Besides numerous remains of marine organisms, not yet determined, 
which have been obtained from the two lower groups, the Vemdvaram 
shales have yielded a tolerably rich flora of a type similar to those of the 
Ragavapuram and Sripermatur groups. To avoid needless repetition of 
names and to exhibit more clearly the relationships of the flora of these 
groups, they have been combined in the tabular statement on page 183^ from 
which it will be seen that nearly half the Ragavapuram species are also 
found in the Vemdvaram beds, and that the relationship of the floras to 
those of the RAjmahal and Jabalpur groups is very similar in each case. 
It is, therefore, tolerably certain that the similarity of grouping of the beds in 
the two areas is not merely accidental, but that the three groups in each 
region are respectively equivalents of each other. 

The only Vemdvaram fossil, apart from the plant remains, which has been 
determined, is a niacrurous crustacean regarded by Dr. Feistmantel ^ as 


1 Memoirs, XVI, 69, {>880). 

2 Records^ X, 193, (1S77). The locality is, 
there given by mistake as Sripcrraatiir. , The 


correct locality is given by Mr, Foolc in Me^ 
moirSf (iByg)* 
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probably identical with the liassic Eryon barroviensis. There are, however, 
some important differences which make the specific identity of the two 
forms doubtful. 


The upper Gondw^na beds near Madras are divided into two groups,^ 
the lower of which has been named from Sripermatiir, a town 25 miles 
west“SOutli"West of Madras and a well known locality for fossil plants. 
The group is composed of white shales, containing plants^ associated with 
sandstones, grits and micaceous sandy shales. Cor glomerates occur, espe- 
cially towards the base, where they are coarse and occasionally contain 
boulders of great size, but all the conglomerates are loose in texture and 
not compact. A boring recently put down at Place’s garden near Madras 
has penetrated beds of carbonaceous shale, overlapped at the surface, 
which have raised hopes of finding workable coaL It is not at present 
known whether these belong to an outlier of the lower Gondwctnas or not. 

It IS in the Sripermatiir shales that the fossils of the group are found. 
They consist of both animals and plants. Tlie shells are ill preserved and 
have not been determined. They comprise two or three species of Am- 
mo 7 iiies and several laniellibranch bivalves. The Cephalopoda were regard- 
ed by Dr. Waagen ® as resembling neocomian rather than Jurassic forms, 
but the species cannot be determined, owing to the poor state of preserv- 
ation, too much weight muT not be attached to the opinion, though 
it is of interest in connection with the resemblance between the Rijmabal 
series and the Uitenhage series ol South Africa, now regarded as neo- 
comian in age. The occurrence of Irig&ma smeei and En ventrtcosa.hoS\\ 
South African Uitenhage species in the outlier north of Coconada, has 
already been mentioned, and it is not necessary to make any furilier refer-- 
ence to this subject here, as it will be more fully treated of in the next 
chapter. 

Ihe Sripermatur group is overlaid by a set of beds of coarse compact 
conglomerate, witn intercalated sandstones and grits, which have been dis- 
tinguished as the Sattavedu group, from a series of moderately elevated 
ridges of the same name, lying about thirty- five miles north-west of Madras. 
Only imperfectly preserved plant remains have been obtained from the 
Sattavedu beds. Ihe junction with the Sripermatur beds is ill seen, the 
groups appear to be conformable, aud it is doubtful whether there is suffi- 
cient justification for the separation of the upper beds as a separate group. 

The upper Gondwdnas of the Trichinopoli district occur as narrow 

outcrops along the western edge of the cretaceous beds, which they se- 
parate from the gneissose rocks, being quite unconformable to both. The 


^ Memoirs X, 64, (1873). 


series ix, p. 236, 
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Tabular Siaiemefil skowiug the distribution of the fossil plants of the 
Raoavapurain, Vcmdvaram, Srifermatilr groups^ and Utaiiir beds 
of the Rojtnakdl series} 

[t Sig'niHes that the species is also found in the Raj nahal group* in the Jabalpur group. 


Fiucss — 

Thinufetdiu subhigond , 
Dichopteris ellorcnsis 
^ AlethopteHs whitbyensis 
,5 vndica 
Pecopteris re-versa 
t Angiopteridium spathidatuvi 
t ,, nuittlellandi 

t Macrotmniopteris otaia {/) 

Cv CADE ACE 

A n 0 mozam i tes j u nge ns , 

„ lindleyanus 
f „ fissus 

Pierophyllum footeunum 
t Z<imit.es p rax linns 
^ PodoztJtnUis lanteolaius 
t Otozamiies abbrematus , 

j, ratiner^is 

,j bunbtuyajius 

„ hislopi 

„ parallel us 

,, acutifolius . 

„ angustatus . 

t Plilephyllum acutifolium 
f ,, cutchense . 

t Dictyozamites indicus , 
Cycddtt€s constrictus 

CONIKSR/K - 

t Palissyu confer la • 

t ,, indica 

=* „ jabalpiirensis , 

* ArauCurUes cutchensis , 

* ,, macropterus 

Pa chy p kyll ti m per eg r in u m 

,, heterophy.lum 

t Echinostrobm rajmahahnsis 
^ ,, rhomtictis 

* ,, ex. ansz 4 s 

■ * Taxiies tenerrimus i 

,, planus . 

Cingko crassipes . 


PaL h ^ 99 * (*^ 79 )* 
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most important of tIie::o«tcrops is that near Utatur, and the rocks consist 
chiefly of soft sandy ' clays and micaceous shales, with sandstones and a 
coarse conglomerate of rounded gneiss pebbles at the base.^ 

: ■ . Tiie ' Utatur outcrops are the most southerly known to be of Goiidwina 
age, 'but, Mr.. .Foote has .recorded some exposures of shales and conglomer- 
ates in the Madura district which closely resemble the beds of the coastal 
Gond^vaiiasa, No fossils were, however, found, so the ideiititication is not 
fully established.. . 


Reference has already been made to the resemblance between the floras of 
the Ragavapurani,yemdvaram,Sripermatur groups, and of the Utatur out- 
crops and, to save repetition, a separate list of fossils has not been given in 
each case, but the whole united in the tabular statement on the previous page. 
From this it will be seen that not only are there a certain number of forms 
common to two or more of the groups, but that in each case the flora is 
characterised by a large proportion of Rdjmahdl species, and a much smaller 
proportion of forms that are only knowm from the Jabalpur and Umia groups. 
Apart from the presence of Jabalpur species, and species peculiar to these 
outliers, their flora is distinguished from the true Rdjmah^I flora by the 
absence of broad leaved T mniop ter idea? the greater abundance of certain 
forms, such as Amyiopteridium spathulatum and DictyoDamites indica^ 
which though represented in the Rdjmahdi beds, are found only in a 


smaller proportion.^ The presence of the genus Macrotwniopteris in the 
Utatur beds, and the smaller proportion of purely Jabalpur specieSjmay show 
that tiiey are nearer in age to the Rajmahd! group than the others, but, 
with this possible exception, we may take the groups as being at any 
rate approximately of the same age, intermediate between that of the 
Rdjmahdl and Jabalpur groups, as is shown in the tabular statement 
on page 156. 


. In the Goddvari valley the principal representatives of the upper Good- 
wdiiasare the Kota and Maleri groups, more commonly referred to as the 
Kota-Maleri group, the name being derived from those of two villages 
long known to Indian geologists,- the former by the discoveries of 
fish teeth and fosril fish by Dr. Walker and Dr. Be!P in 1851, the latter 
by the late Revd. S. Hislop’s discovery of reptilian bonesA The village of 
Kola is on the left bank of the Priuhfta or Waingangd, about 8 miles 

^ H. F. Bianford, IV, 39, (1863); V III, 230, (1853) j IX, 351, (1851); X, 371, . 

R. B. Foote, Records^ Xi, 247, (1878). , (1854). , , 

“ Pfli. /«*■«, series ii, I, 199, (1879). ^ gaarA Sw., XX, aSo. (1864). 

» Qumi GeoL Soc.^ VII, 272, (1831)1 * 
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above its junction with the Goddvari. Maleri is about 32 miles north-west 
of Sironchd ■ ■ 

The combined group, usually spoken of as a whole, is slightly, but dis- 
tinctly, unconformable to the underlying Kdmthis, and is divided into two 
subgroups, which were separately mapped by Dr, King,^ The lower, or 
Maleri, consists essentially of bright red coloured clays, interbedded with 
soft, light coloured and open textured sandstones subordinate in thickness 
to the clays. The fossils are found in the red clays, coprolites being 
!nuch the most abundant ; besides them three species of Ceratodus and 
two genera of reptiles, Hyperodapedo 7 t and Parasuchus^ have been 
distinguished. 

The Kota subgroup, which overlies the Maleri, consists principally of 
coarse, loosely compacted sandstones, with some subsidiary bands of shale, 
and three very strong bands of limestone, from which all the animal remains 
have been obtained, the few plants being all derived from sandstone 
bands. 

Though the distinction between these two subgroups is traceable in the 
field, they are so closely associated that the fauna may be treated as a 
whole and, as the few fossils of the Maleri subgroup have already been 
mentioned, there will be no difficulty in separating them in the subjoined 
ist of the fauna and flora of the combined group : — 


AN IMA LI A. 


Crustacea — 

EstJieria kctahensis. 
Candona kotahensts. 
Insecta — 

Undetermined — 
Pisces — 

Lepidotus deccanensh, 

„ longiceps, 

,, breviceps^ 

„ pachylepis* 

„ calcaratus* 

Tttragonolepis oldhami* 
,, analis. 


Pisces. — contd, 

Teiragonolepisr ugosus. 
Dapedius egerfont^ 
Ceyatodus hunterianns^ 
,, nislopiamis. 

,, vtrcpa, 

Reptilia — 

Hyperodapedon huxleyi, 
» sp. 

Puchygonia incur^ata* 
Belodon, sp. 

Parasuchiis hislopL 
MassospoitdyluSf sp. 


FmcES— 

A ngiopteridiu m spath uldi u wj. 

CyCABEACEjE — 

* t Ptilophyllum acutifolium* 
Cymdites^ sp. 


PLANT-®. 

Conifer-®. 

t Pahssya conferia. 

* „ jabalpurends- 

t M indica^ 

t Cheirolepis, cf. miwnsteru 

* Arauearites mtchensis^ 


Menwirs^ XVIOj 267 , ( 1 S 81 ). 
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111 the list ail asterisk prefixed to a species shows that it is also known 
from the Jabalpur group, a dagger that it is found in the Rdjmalial group of 
the Rijoiahil hills, or, ill the case of Ckeirolepis miiensieri, in Golapilli 
beds. With the exception of the last mentioned species, all the plants are 
found in the Sripermatur or some of the other groups of the same age on 
the east coast. We may consequently regard the Kota*Maleii beds as 
somewhat later in age than the Rajmah^l group, and nearly equivalent to 
the Sripermatur, though possibly somewhat newer. 

'Fhe palaeontological relations of ' the animal remains will be treated in 
the next chapter, and all that need be noted here is the occurrence of the 
P^nchet form Pachygonia incurvata. The animal is believed to be speci- 
fically/ certainly genericalljq identical with that of the Pdiichet group, and 
its presence here along Avith a flora which indicates a much newer age is 
remarkable. 

The discovery of animal remains in the Denwa group of the Siltpuras 
and south Rewa has been already noticed. In the former area they are 
represented by scutes and vertebrse of Parasuchiis mid Masiodonsaurus, 
in the latter by remains of two species of Hyperodapedon and Parasuchus. 
The material is not sufficient for establishing those specific ideiitificatioiis 
which would alone allow us to assign the groups to the same horizon, but 
the resemblances are suggestive and the position of the Deinva group, 
below the Jabalpur and separated from it by the Bagra group, places it 
stratigraphically on very much the same horizon as is indicated by the plant 
fossils of the Kota-Maleri group. 

Resting on the Kota-Maleri beds is a group, which was separated by 
Dr. King® under the name of Chiki^la. from a village of that name situated 
close to their boundary, though actually upon the Kota sandstones. They 
extend along the eastern side of the Gondw^na outcrop, with a width of 
eight to ten miles, for nearly seventy miles, from Fiebiii in the WardliA basin 
to the reach of the Goddvari below Enchapalii. 

The group is composed of soft sandstones and heavy bands of conglo- 
merates of white quartz pebbles. Clay bands and seams of shale are fre- 
quent and the group is very ferruginous, the iron ore is collected and 
worked into iron to a considerable extent. 

The relations of this group to the Kota-Mal6ri are obscure, but there 
appears to be a slight unconformity. It was believed by Dr. King, bn 
the ground of its lithological similarity, to represent the Tripetty sand- 
stones of the coastal region — a correlation which is not inconsistent with 
its relations to the Kota-Maleri group. 

Lydekker, Records, X, 34, (1877); i 1 ® XVIII, 140, (1881), 

25, (1882). ■ ' ’ ' ' ■ 






JABALPUR GROUP. 


Olia-p. VIL] 



In the first account of the central portion of the Narbada vailev/ a 
group of rocks was distinguished as ' upper Danauda/ It was, however 
pointed out at the time that this group was not only unconformabie to 
the ' lower Damuda/ but that it contained a very different flora. When 
a true upper Damuda group was subsequently found in the Raniganj coal- 
field, it became desirable to distinguish the Narbada beds by a different 
name, and as they are well developed in the immediate vicinity of Jabal- 
pur, they have been named from that town. 

The Jabalpur group consists of clays, shales, and earthy sandstones, 
with some thin beds of coal. The clays and soft shales, which are the 
most characteristic beds of the formation, are pale coloured, usually white, 
pale lavender grey, or pale red. The sandstones are generally coarse and 
conglomeratic. Carbonaceous shales are met with in several places, and 
occasionally one or more thin bands cf jet-coa], very different in character 
from the roal of the Damuda formation. Limestone is rare. At the base 
of the formation, when resting upon gneissic rocks, there is frequently 
found a coarse, compact sandstone, so hard and compact as almost to 
resemble a quartzite. It is often conglomeratic, and the matrix contain- 
higthe pebbles consists of white earthy rock in a porcellanic condition. 
Occasionally, but rarely, this bed is calcareous. 

The thickness of the Jabalpur group does not appear to have been 
determined with any accuracy. It is, however, of no great vertical extent, 
and so far as is known nowhere exceeds i,ooo feet. The relations of 
the Jabalpur group to the underlying Mahidevas have not been examined 
in detail, but they appear to be generally conformable. 

The following is a list of the fossils found in this group, those found 
also in the Umia beds of Cutch being marked with an asterisk, whilst those 
met with in the Rdjmahal group are distinguished by a dagger ® — 


FlLlCES— 

t SphenopteriSf cf. arguia, 

Dick:oniaiS^> 

Alethopteris lohifolia, 

,, medlicottiaf^a* 

'whitbjefisis. 

Macrotmt top ter is sa tp tirensis, 
Clossopieris. cf, communis, 
Sd^enopierisy sp. 

^ I- G. Medlic./tt, MeinoirSy II, (lB5o). 
The Jabalpur formation was at this lime not 
clearly distinguished in places from the Maha- 
devas, the former being supposed to be the 
lower; in reality the Jabalpur formation is not 
only newer than the Mahadeva, but it appears 
be the latent nmembcr of the whole Go nd- 


CYCADEACEB— 

Podozomiies lanceoUitiiS^ 

„ spathulatiis. 

„ hacketi, 

i Ofomomites hislopi. 
t „ gracilis. 

distans. 

„ a?igiistatus* 

Pterophyllum nerhuddaicuM. 

wdua series, with the possible exception of 
the Umia group of Cutch, or of some of the 
uppermost groups of the east coa'rt. Further 
accounts of the Jabalpur group will be found 
in IV, (1871); and Memoirs, X, 

(^873)- 

a PiiL Indica, series xi, 11, 83, (1877). ; 
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CVCADE.f\CE^- contiL 

^ t Ptilophylluni cutchense, 

^ f „ aeti ti foil urn. 

f Willinmsonia, cf. gigos. 
Cycadiies^ c£, graminens, 

^ t PulisSya indicti. 

s, jilbalpur&iisis. 


ComwERM-- contd. 

^ Araucar lies ditch i?nsis. 

Briwhyphflhim fnammdllarc* 
^ ■ Echinostrohus. expansus. 
Echmosirohtis rhomhi cus^ 
Taxiies ienerrimus* 

Gingko hbatiu, 

■ Phonimpslsysp, 
CsekanowskiafS^. 


It will be seen that nearly as inany-RdjiBah^i as Umia species, five of the 
former and six of the latter, are found in the Jabalpur group, so far as the 
flora has hitherto been determined. It should, however, be remembered 
that the known species of the Rajmahil flora are nearly fifty in number, 
while those of the Umia flora are much less numerous, about twenty-two.^ 
Moreover, the Jabalpur beds are distinguished by a conspicuous want of 
many of the commonest and most characteristic Rdjraahii plants, such as 
the broad leaved species of 

On the whole, the Jabalpur beds are probably on nearly the same 
horizon as the Umia beds of Cutch, but possibly represent a period inter- 
mediate between the Umia and Rajniahil groups, though nearer to the 
former. At the same time the circumstance that no representative of the 
Jabalpur flora has yet been found on the east margin of the Indian Penin- 
sula, to which the Rdjniahdl flora is confined, suggests that the distinction 
may be due to the beds having been formed in different botanical regions. 
Bearing in mind, however, the large amount of evidence which exists to 
show that the greater part, if not the whole, of India proper 'was a land 
area in Gondwana times, this idea of the country having been divided into 
distinct botanical regions is less probable than the theory of a difference 
in age between the Rdjmahdl and Jabalpur groups. 

The plant bearing beds of the Umia group in Cutch are only mentioned 
here because of their relations to the uppermost beds of the Gondwdna 
series* The name Umia is derived from a village about 50 miles north- 
west of Bhuj, the chief town of Cutch. The group will receive a fuller 
description under the head of the Jurassic formations, and an account will 
there be given of its mineral character and animal fossils.^ 

The special interest of this group in connection with those just enu- 
merated is due to the fact that beds containing plants, several of which 
are identical with those of the Jabalpur beds, are interstrati lied with rocks 
yielding marine fossils. 

pr. Feistmantei enumerates twenty-height | and others stenss not identified generically. 
in his Memoir, but some are only varieties { » infra^ p* 223* 
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The following is a list of the plants from the Umia beds/ a 
dicating species found in the Jabalpur group : — 


ALGiE — 

(?) Chondrites dichotomus. 
FiJLICES'- 

Oleandridhim mttoium. 
T<sniopteris densinervis, 

'f Alethopteris mhithyensis. 
Fecopteris tenera^ 

Pachypteris specifica^ 

brevipinnata. 
ActinopteriSi sp. 
CyCADEACEi® — 

’\Ptilopliyllum cit tch 3 n se. 
t .1, acutifol'um, 

„ br achy phy Hum, 


OtozamiUs contiguus, 

5, imbricatus, 

5, cf. goldim, 

Cycadiies cutchensis, 
Cycadolepsis pilosa, 
Williamsonia blanfordi, 
CoNIFERiE-— 

Palissya bhoojoormsu, 
t « cf. indica. 

5) cf» It ass (It 

Pachyp hyllu m divaricatii m , 
^Echinostrohus expansits, 

\ Araucarites cuichensis. 



At a somewhat lower horizon in the rocks of Cutch, a few plants hare 
been found near a village named Narha, in the northern part of the prov- 
ince, in beds interstratified with the Katrol group, the Cephalopoda of 
which are considered by Dr. Waagen as corresponding to those of the 
Kimmeridge and Upper Oxford beds of Europe. These plants consist of 
the following species^: — 

SphenopteriSf cf. arguia, Otozamites, cf. contiguus. 

Alethopteris whitbyensis, Araucarites cutchensis. 

The three last are apparently identical with species found in the Umia 
beds, whilst Sphenopteris arguta is^n English lower oolite species, found 
also in the Jabalpur and R^jmahdl groups. The Alethopteris and Arau- 
carites are also Jabalpur forms. This evidence, so far as it goes^ tends 
to show a great persistency in the flora^ and it may indicate that the 
Jabalpur beds are a little older than the Umia group, since the connection 
of the flora found in the Katrol beds of Narha with that of the Jabalpur 
group is quite as strong as with the Umia plant fossils. 


In northern K^thiaw^r a series of soft white and ferruginous sand- 
stones, with pebbly bands, is exposed, of which a few fossil plants have 
been obtained, which are comprised in the following list, 3 an asterisk and 
dagger indicating species that are also found in the Umia and Jabalpur 
groups respectively : — 

Fiuces— 

* t Alethopteris whitbyensis, 

Pecopieris, sp. 

Tmriopteris^ sp. 

CYCADEACEiE — 

t Podozamites lanceolaius'. 

^ t PtilophylluTn cu chense, 

1 Pal. Indica^ series xi, 11 , 63, (1876). [ series xi, !I, 80, (1876). 

® MemoirsA%i 213,(1872); PaL Me moir$i XXI , 81-32,(1884). 


CoNIFERiE — 

t Palissya jabalpurensis. 
t Taxiies tenerrimus. 

* t Echinosfrobns expansus. 

* t Araucarites cutchensis. 
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■ The K^thidwar:^^b^^ been regarded as the equivalents of the Umia 

gu*oup in;:Cutch;and^tt lithological .resemblance and geographical prox- 
imity'are certainly in favour of correlating them with the only group, of the 
. more extended, .series., which appears to have been deposited tinder similar, 
.conctitions, but four .of the seven species of plants recognised are found both 
in the Umia and Jabalpur groups and three in the latter alone. The 
paleontological relationship is consequently closer with the more geo- 
graphically remote beds, and if the Kathiawar sandstones are the equi- 
valents .of .the Umia:;gToup, they indicate a greater approximation in age 
.between the latter and the Jabalpur group than a direct comparison of the 
two floras woulj necessarily . imply. 




Plilopliylluin cutchense. Morr. 


Alethopteris whibbyensis, 


Aletbopteris wtiitbyensis, Bgt. 


Oleandridium vxttatum, 


Oleandridium vittatum. Bfit, 


Pachyphyllnm divarioatum Buub, 


PulopbyUura cutchease, Ivlorr. 


Calcutta Phototype Co. 


CUTCH (U MIA) FOSSIL PLANTS 



CHAPTER Vin. 


HOMOTAXIS OF THE GONDWaNA SYSTEM, 


Comparison of Gondwana and European floras — Palseontological relations of the animal re* 
mains —Asiatic representatives of the Gondwdna system — Representatives of the Gond- 
wana system in Australia and in South Africa— Correlation of the rock groups in the four 
continents— A former land connection between India and Africa— Bearing on the doctrine 
of the permanence of oceans — and on the hypothesis of secular variations in latitude. 

In the preceding chapters all reference to the very interesting question 
of the age of the Gondwana system, as compared with the geological se- 
quence in Europe, has been purposely omitted. The subject is one whose 
interest and complexity deserves a special treatment, and it would have 
been impossible to deal with its bearing on several of the most important 
problems of theoretical geology that are still unsettled, without interrupting 
the general description of the stratigraphy of the Gondwana system. 

The writer of these pages is fortunate in the fact that the bitter con- 
troversy which long raged over this question, is now^ practically extinct. 
The history of this controversy would be an interesting one, showing, 
as it does, bow truth is ultimately arrived at by the contact of conflicting 
opinions, each involving an element of falsehood and each containing a 
large amount of truth. But the purpose for which this book has been 
written, and that for which it will principally be consulted, is the state- 
ment of the present state of our knowledge, and a recapitulation of the past 
would be a task as uncongenial in its execution as unprofitable in its re- 
sult. The main points for which the members of the Geological Survey have 
contended were accepted at last, even by the talented palseontologist who, 
alone among his colleagues, disputed them, and the last smouldering 
embers are mere minor and unimportant differences of opinion as to the 
exact position of certain individual groups of the Gondwana system. 

The most obvious method of determining the age of the rock groups of 
the Gondwina system would be a direct comparison of the fossils they 
contain with those of Europe.. Unfortunately this ^ method leads to very 
unsatisfactory and inconclusive results. 

"if take ‘the: Damuda’ series ;’’wd find, according to Dr. 
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Feistmantel, the following species identical with, or allied to, European 
forms 

V^Fermian-— 

Maoroysuiopferis /eddem, Fstni., allied to abnonuis, Giitg. 

: .. Trias.'- ^ 

Sekisaneum gondwanensisyFstm^i'QlWed to S,- paradox ■ 

Merianopieris ntafor^ Fstm., allied to if, angusta^ Heer* 

/Jura of, Rossia and Siberia 

Fhyllotheea indicus Bunb., allied to P* Heer. 

/^. Fstm., allied, to, P, Schmalh. 

cf. Scbmalh., probably identicals 

Bieksonia hnghesi, ¥stir\>^ a\\\e6. to D. saporta7ta^\:\^&:. 
cL Heer., probably identical, 
cf. Scbmalh., probably identical* 

while Belemnopteris woadmasofiiana is- said -to closely reseiiibkr tlic liviog 
form Hemionotis cordata found in Southern India. 

If we take the Rdjmahdi flora the eviden.ce is no less conflicting.. The 
following list gives the relationships with European forms as determined 
'■by'D.r.''Feistinantel.^-::'“---.-'-- 

Perm I A'N.--- 

MacrotmiioptiHs lata^ D. & M., allied to if. abnormtSi Gutbg. 

Pterophyllum carieriantmi^ O. k M„ allied to Pt» blechnoides^ Sancibg. 

Trias— 

Gleiehenia bindrabunensts, Schimp., allied to G* gracilis, Heer. 

DancEopsis rajmahalensis, Fstm., allied to D» marantama, 

Rhetic— 

Equiseium rajmahalense, Schirap., allied to B* muensieri. Stbg. 

Thinnfeldia salieifolia^ O. & M., allied to T. d^currens, Schenk. 

Alethopteris indiea, 0. & M„ allied to Asplcnltes rossertif Schenk. 

Angiopteridmm macldlandi, O. & M., allied to ,4* muensteri, Gopp. 
Macrot(sniopteris lata, 0. & M., allied to M. gigantea. Schenk. 

j, ci, propiaqtium, Gopp , probably identical. 

Pterophyllum fissum, Fstm., allied to P. comptum, L. k H., and ndnus, h. k H. 

5 , disians, Morn, allied to P* hratmianuni, Gopp. 

Pterophyllum princeps, O, & M., allied to P, braunif Schenk, 

OtommiUs, cf. hrevifoUa, Brgt., probably identical. 

PaUssya indica, Fstm*, allied to A hrauni., Endl. 

Cheirolepis^ c£. muensteri, Schimp., probably identical. 

„ gracilis, Fstm., allied to C. muensferH Schimp. 

Equisetum raj-mahalense, Schimp., allied to liasinum, Heer. 

Angiopteridium macclellandi, O. & M., allied to 4. muensUri, Gopp. 

Cycadiies rajmahalensis, Oldh., allied to Unmri$,S\hg. 

. ^ Pal. Indie a, series xii, HI, pt. ii, (18S0). I ^ /«dliVa, series ii, 1 , pt. it { 1 S 7 ;) . 
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Oolite— 

Sphenopteris arguta, L. & H., identicaL 

Hymcnophyllites bunbitryanus, Fsim.f aXYied. to Tympanophoya race^nosa^ L. & H. 

Alethopteris indica^ O. & M., allied to A, *whitbyensis, L. & H. 

Pterophyllum flsstim^ Fstm., allied to PpmimiSs h, &. H., a Rhaetic species also, 
cf. Carr., probably identicaL 

Araucarites macropterus^ Fstm., allied to A, brodteU Sap. 

These two floras were regarded by an eminent palaeontologist as 
indicating a triassic and a liassic age respectively, but the most striking 
points about them are,yfri’/(y, the want of definite evidence of a difference 
of age corresponding to the great stratigraphical break and palseontologi, 
cal contrast between the two groups and, secondly^ the extremely hetero- 
geneous nature of the alliances exhibited by the flora. For the last of 
these an explanation will be found in the sequel, but it is also largely due 
to the absence of any true test of relationship in fossil plants. The shell 
of a marine mollusc, the test of a crustacean or the cup of a coral give 
real clues to the zoological position of the animal tliey once formed parts 
of, but leaves or, in the case of ferns, fronds, either barren or with the fructi- 
fication too obscure to be determinable, are all that we have when dealing 
with fossil plants, and these, which have the least weight in determining the 
relationships of living plants, are often only imperfectly preserved. When a 
number of leaves are found, all showing the same shape and venation, 
there is a considerable probability that they belonged to the same 
species, but when small differences are observed, which lead to their being 
classed as belonging to distinct species, there is no certainty that they did 
not belong to plants widely separated from each other in all important 
characteristics, while plant remains that are classed under distinct genera 
or even families may have belonged, not merely to closely allied species 
but may have formed different parts of one and the same plant. It may 
consequently result that a plant fossil may most resemble one of a very 
different age, which possibly would prove to be widely di.stinct from it did 
we but know the whole of both. 

The alliances of the Pinchet flora are shown in the following table^ 
Trias— 

Schissoneura gonduDanensiSf Fstm., allied to S paradoxa, Sclnmp, 

RHiETlC — 

Pecopieris concinna, Presl., identical. 

Cyclopterts paeJiyrhoca, Gopp,, identical. 

dleandriditmi, cf. stenonenroTif Schenk., probably identicaL 

ThiitnfMia odontopteroides, Morr , allied to T. rohindaUt^ Nath. 

Jura— 

Samaropsis, cf. parvula, Heer, ' • 

In the last case, however, the resemblance is of With value. 

^ Pai. Indica, series xii, III, pt. ii, 5L (iSSo). 
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the Jabalpur and Umia groups we , find a mwch ^ 
rnore hoitiogeneoiis flora, as is indicated by the following* stateinent of the 
allianGeswithEuropeanfossilplants:— 

Alliances OF THE Jabalpur FloraA 

Lias- 

Oto5amitesgraeiUs,Sch\m^.y\dmi\csi\. 

Lower Oolite— 

cf. L. & H., probably identicaL 

Alethopteris lobifoUa^Sc\nm^.,\deni\cBl. 

„ Gopp.j identical. 

Podozamites lanceolattiSf h* ^ ¥i.i\AQT\^iC2\» 

cf. probably identical. 

? cf. gram2;2£'zf5, Heer., probably identical 
Arazioarites cutehensiSfV sim,i sSVi^di to A, phiUipsiiQB.vt^ 
Brachyphyllitm manimillure^ L. & H., identical 
Eohinostrohis expansus, Schimp., identical 

Alliances of the Umia Flora. ^ 

RHiETiC— 

OUandridium mtiaiiim,Sch\n'\’pM/\d.exii\cQ\. 

ActimpteviSy sp. allied to A* peltata, Schenk. 

Lower Oolite— 

OUandridiiun mtiatt{7n^ Schimp,, identical 
Aleihopteris nahiihye^isis, Gopp., identical 
Pachypteris specifica, Fstm., allied to P. lanceolata^ Brgt. 

Otommites, cf. goldtm, Brgt., probably identical, 

„ t77ibricaius, Fstm., allied to 0 * hyongntartt, Sap, 

Cycadites cutchensis, Fstm., allied to 0, za7ni aides, LecK. 

WilUamsonia hlanfordis Fstm., allied to Wl sp, Carr. 

Taxites cf. laxus, Phill, probably identical 
Pachyphyllum divarieatum, Bunb., identical. 

Ed linostr obits expansus, Stbg., identical 
Araucarites cutckensis, Fstm., allied to A, hrodid, Carr. 

Upper Jura (Kimmeridge ?)— 

Gycadakpsts pilosa, Fstm., allied to C. hirta, Sap. 

Reviewing the evidence of theGondw^na plants, we find that the two most 
important of the floras, those of the Damuda and Rdjmahdl series, do not 
show a definite relation to any single horizon of the European sequence, 
nor do they show any distinct evidence of a difference of age. The flora 
of the Pdiichet group has a much more defined relationship to the rhsetic, 
and the beds might have been referred to this age on the evidence of the 
plants alone, were there not other considerations, to be detailed below* 
pointing to an older date. The Jabalpur and Umia floras show a still 
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greater definiteness of relationship, in this case to the lower oolite, and 
though the latter group was described as newer than the former, the 
difference in age of the two is possibly not so great as to introduce any 
difficulty. The Cutch plant beds are, however, found resting on marine 
deposits whose Cephalopoda show that they are of uppermost oolitic age, and 
are overlaid conformably by beds containing upper neocomian ammonites 
there is consequently a direct conflict here between the evidence of the 
marine inollusca and the fossil plants, and the question of which is to be 
preferred arises. 

This will not be discussed here in detail, but the explanation is to be 
found in the diversity of the forms of terrestrial life inhabiting distant 
regit>ns of the earth at the present day. There is a much greater differ- 
ence between the terrestrial faunas and floras of Africa, Australia and 
America than between the animals inhabiting the Atlantic, Indian and 
Pacific oceans, and it is a common circumstance to discover fossil remains 
of animals and plants, without any living representatives in neighbour- 
ing lands, but allied to forms still living in a distant region. Such was 
also the case during the Gondwdna epoch, and, as will appear, the distinc- 
tions at its commencement were even more trenchant than at the present 
day. 

If we turn from the plants to the animal remains found in the Gond- 
wdna system, the evidence is little less ambiguous. The Gondwanosaurus 
from the Bijori group belongs to the family Archegosaiirida^^ which in 
Europe is principally carboniferous and permian, though a specialised form 
ranges into the trias. The affinities of the Indian specimen are said to be 
permian. On the other hand, Brachyops laticeps^ from the Mdngli group, 
which is believed to be of about the same age as the Bijori group, is 
ill Europe only allied to Rhinosaiirus^ a Jurassic form.^ Its nearest allies 
are to be found in the Karoo beds of South Africa. 

The reptiles of the Pdnchet group exhibit but little connection with 
European forms, and their connection with the South African fauna will be 
noticed further on. 

In the Kota-Maleri and Denwa groups the genera Belodon, Hyperodiu 
pedo?iy and Mastodonsaurus are all represented in the upper trias of 
Europe, the first and last being also known from rhsetic beds. Parasuchus 
belongs to the same typically mesozoic group of crocodiles with biconcave 
vertebrae as Belodon^ and is placed with it, by Prof. Huxley,^ in a section of 
the family which is almost confined to triassic rocks in Europe. Of the 
fishes represented in the Kota-Mal6ri group the genus Lepidoius ranges 
from the lias to the lower chalk, and the Kota species were regarded 

^ Infra p. 2^6, J XXXI, 427, (1875)^ , 

2 series Iv, I, 13, (1885). . ’ ; . . 

' ' ■. 02' ' ■■ 


igfj GEOLOGY OF INDIA — GONDWANA HOMOTAXiS. [Otiap. VUl. 

bv Sir P. Egerton,! as showing liassic or oolitic affinities, Tetragonolepis 
is only known from liassic beds, and Dapedhis is a liassic genus. 

Ceratodus is principally triassic, but species have been found in beds of 
later date, and the genus is still living in Australia. 

Here the fauna of the Maleri group indicates an earlier age than that 
of the Kota, and in this agrees with the relative stratigraphical position of 
the two groups, but the fossils indicate a much greater difference in the 
age of the two rock groups than their intimate stratigraphical association 
suggests, and we have very much the same palseoiitological contradiction 
as there is between the land plants and marine animals of the Cutch 
jurassics. 


From the coalfields of Tongking a fossil flora has been described ^ which 
contains certain GondwAna forms, and exhibits a much closer relation to a 
definite European horizon than any of the groups of that system. Out of a 
total of nineteen species, ten are found in the rhaetic beds of Europe, and 
eight of the remainder in India ; of the Phydlo thee a indica^ 

Pal^ovittaria kursi^ Macrot^niopteris feddeni^ Clossopteris browniana^ 
and Noegerathiopsis hislopi^ are Damuda forms, and the RAjmahal and 
Sripermatur groups are represented by Angiopteridhmi spathtdatum^ 
T^niopteris ensis Otozainites rarine7'v{s^ evidence, so far 

as it goes, is distinctly in favour of regarding the Tongking beds as rhaetic 
in age and intermediate between the Damuda and RdjmahAI series in India, 
or more or less contemporaneous with the P^nchets, whose flora has also a 
rhsetic facies. 


Outside the limits of India proper, in north-western Afghdnistdn, a 
series of coal bearing sandstones, intercalated with marine beds, and having 
at its base a boulder bed precisely similar in character to that of the 


Talchirs has been described by Mr. Griesbach. 
of the beds as adopted by him is as follows : — 

^ The general classification 


Formation, 

Localities. 

Jurassic . 

Densely red grits and sandstone, 
shales with plant remains^ 

Trap. 

Dark bluish grey grits and sand- 
stone ; plant remains. 

Ash-beds. 

Sandstone and black alum shales 
with plant impressions ; marine 
fossils. 

/Upper Almar stream near Pain- 
{ guzar ; Astar-ab below Paisuith. 

[ Khorak-i-Bala, north of the Kara 
\ Koh. 

Doab north of the Kara Kotal. 


^ Pal, series iv, I, 2, (1875), ** Ganoid i 

Fishes from the Deccan.’^ 

^ R. ZeiUer : ‘‘ Examen de la flore fossile des 
couches de charbon du Tongking, AnmUs 
des Mines, 8th series, 11 , 299, (18S2). The . 


details in the text are taken from PaL Indica, 
series xii, IV, Introduction, pp. xv-xvii, (1886;. 

Records, XIX, 239, (1816), The uppermost 
red grits were afterwards said to be neoco- 
mian. Records, XX, 94, (1887). 
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GONDWANAS of AFGHANISTAN, 


m 


■ ■ ■ Age.,.. 

Formation. 

Locaiities, 

Upper Trias or Rhae- 

Light coloured sandstones and 

Kotal-i-Sabz (north slope of Kara 

tic. 

shales with coal seams. 

Koh), Sliisha Alang. 

/Upper . 

Great thickness of marine sand- 

Chahil; Shisha Alang. 


; stone, limestone, and shales with 
coal seams. Scki^oneura sp.j etc. 


Upper Trins < Middle. 

1 

Brown sandstones and shales with 
coal seams. EquisetUes col urn- 
naris, ■■ ■'. . ■ 

Chahil, north slope of Kotal-f Sahic. 

\ Lower . 

Marine sandstone and limestone 

1 beds. Halohia lommeliy Monoiis 

Chahil. 


salinaria. 


Permo-Carbon . 

, Altered shales (mica-schist, etc.) 

1 with graphitic and anthracitic 
seams. Clay shales with impure 
i coal. The whole traversed by 

I hornblendic granite. 

Saighan ; Ak Robat Kotal, north. 


' Coarse conglomerate in greenish 
' matrix, altered by granite. 

Paid Kotal and gorge ; Ak Robat. 


: Massive dark limestone with bra- 

Ditto ditto ditto. 


! chiopod casts. 


There can be little doubt that these beds are the equivalents of the 
Gondwana system of the Indian Peninsula and 'will be of the greatest im- 
portance in determining the age of the various members of that system, 
when they have been more fully studied. At present the subdivisions of the 
series of beds seen in Afghanistan cannot be correlated with those of the 
Gondwdnas in detail, while as regards the correlation of the beds with the 
European sequence, it must be remembered that no fossils from this area 
have been critically determined, and the correlation, depending merely on a 
held determination of two or three species, may be upset by a fuller 
study of the fauna and flora as a whole. It is necessary to bear this in 
mind as the horizon indicated by Mr, Griesbach, for the coal bearing beds 
of Afghanistan, is higher than that which we shall have cause to regard as 
the horizon of the Barakar or Riniganj groups, their probable equivalents 
in India. The country in which these Afghdn Gond'W''dnas are developed is 
not open to detailed examination by Europeans, such information as is avail- 
able having been obtained during rapid journeys through the country, and 
until a closer and more detailed examination of them can be made they have 
not the importance, from the present point of view, that their proximity to 
India, and the occurrence of beds containing marine fossils, intercalated wnth 
those which contain the fossil plants, would otherwise give them. 


If, instead of looking to the west or the east, we turn to the south, we 
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will (ind in beds which clears up the vexed question of 

the homotaxis of the Gondwdnas in a wonderfd manner. 

From Bacchus marsh in Victoria three species of Ccmi^iunopie ris have 
been obtained, but of this very limited fauna one species is identical with, 
and the other two allied to, Karharbdri forms. This would in itself suggest 
a correlation of the Bacchus marsh -with the Karharbctri beds, and there is 
further evidence in the presence of large blocks of granite and pebbles of 
rocks that must have travelled long distances, imbedded in a fine grained 
matrix of mud.^ Like the Taichir boulder bed, the beds are of glacial origin, 
and this, combined with the paleontological evidence, justifies us in 
regarding them as the equivalents of the Indian Takhirs. 

By itself this would be of little importance, as the Bacchus marsh ex- 
posure is small and the beds cannot be palaeontologically connected with any 
others cf known age. But there is in New South Wales a much better and 
more complete section, %vhich is in fact the standard one for Australian 
geology, so far as the period we are dealing with is concerned. The 
sequence has there been divided into the following groups : — 

6. Wianamatta shales. 

5. Hawkesbury sandstones. 

4. Newcastle beds, or upper coal measures. 

3. Upper marine beds with carboniferous fauna. 

2. Stony creek beds, or lower coal measures. 

I. Lower marine beds, with carboniferous fauna. 

The marine beds are important on account of the fossils they contain, 
and because they give us a fairly detihite geological horizon to start from. 
Their equivalence to the glacial beds at the base of the speckled sandstone 
in the Salt range, and the close alliance of the fauna of these last named 
with that of the Australian marine carboniferous beds, has already been 
referred to,^ and need not be recapitulated here. 

The only palaeontological evidence bearing on the correlation of the 
Bsicchus marsh beds, with the sequence in New South Wales is the 
occurrence of Gangamopteris angtisiifolia in the Newcastle beds. But 
there is weightier evidence of a different character, which renders it certain 
that the marine beds, and not the overlying Newcastle beds, are the true 
equivalents of the glacial boulder clays of Bacchus marsh. 

The marine beds, and especially those immediately associated with the 
lower coal measures of Stony Creek are composed of a fine grained matrix 
of sand or shale, enclosing numerous delicate FenestelLv and bivalve shells 
with their valves still united, which had lived, died and been tranquilly 
preserved where they are now found, thus proving, as conclusively as 

^ Report on the geology, of the district of j p, lo. 

Balian by Richard Daintree, Melbourne, j ; ^ Supra^ p, I2I. 
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the texture of the matrix in which they are preserved, that they could 
never have been exposed to a current of an great rapidity. Scattered 
through this matrix there are are numerous more or less subangular 
blocks of stone, of all sizes, ranging up to several feet in diameter, some 
of which exhibit most characteristically developed glacial striae. It was 
not mere velocity of current that brought these fragments, and deposited 
them where they are, for to move even the smallest of them would require 
a current that w^ould have swept away the matrix in which they are 
imbedded, and destroyed the delicate fossils with which they are asso- 
ciated. They must have been floated to their present position and dropped 
on to the bottom of a tranquil sea, and taking into consideration their 
abundance, as w^ell as the distinct traces of glacial action that some 
of them exhibit, the only agency than can be appealed to is that of floating 
icebergs.^ 

We find then that the marine carboniferous deposits of New South 
Wales were formed during a period of exceptionally cold climate, and it is 
to the latter that we must look for an equivalent of the glacial beds of 
Bacchus marsh rather than to the overlying Newcastle beds, which indicate 
a more temperate climate at the time of their formation. 

The lower coal measures consist of a comparatively thin band of sand- 
stones and coal, intercalated between the lower and upper marine beds. 
The fact of this intercalation has been questioned, on account of the 
supposed mesozoicage of the flora obtained from them. But no one who 
had actually examined them in the field doubted the intercalation, and 
it is now too well established to be questioned. Under these circumstances 
it is important to see what are the plants which co-existed wdth a marine 
fauna of carboniferous type. The following is the list given by Dr. 
Feistmantel ® : — 


Phyllotheca australis, 
Anuularia australis. 
Glossopteris hrowniana* 
„ clarkei. 


Gloss :>pier is elegans, 

„ primceva, 
Nceggerathiopsis prisca. 


At a glance the flora can be seen to be of the type of the lower Gond- 
wdnas, in India, and to differ totally from the European flora of corre- 
sponding age. The same alliance with the lower Gondwdna flora is to be 
seen more conspicuously in the following list of the plants of the Newcastle 
beds : — 

Sphenopteris alatct, 

„ flexuosa* 

and notices of previous literature, is given by 
the same author in Sitzungsher, K, bohm, Gf'S” 
, JFm. 1887, pp. S5-77, and in foitr, Roy^Soc* 
PI ew South XIV, 103, (i88j)* 


Phyllotheca australis. 

Vertebraria australis. 

J Records, XIX. 39, (1886) j Quart, four. 
Geol. Soc., XLin, 190, (1887) 

® O. Feistmantel, Paiceontograpkica,SiWp"gi\G-‘ 
ment, 1878-79. A resume — , with lists of fossils; 
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Sph e nopteris gernitma, 
j, hastaia. 

„ hhifolia, 

,5 pluniosa, 

Glosiop teris hrowniana . 
j, mnpla* 

fy cor data., 

s, do gata, 

„ linearis. 

3, porailela. 


Glossopieris reti cultim. 

. 3 , tcm top ter aides. 

„ 'imlkinsoni. 

Gangamopteris angustifolia, 
„ clarkeiina, 

Caulopteins (?) adamsi. 
Zetigophyllitss elongatus. 
Naggerathiopsis dnedia. 

' spathulaia. 

Brachy phyllum australe. 


Of thesOj Gangamopteris angustifolia and Glossopieris bro%vniana dye 
also found in India, the former in the Takhir and KarharMri groups, the 
latter in the Damuda series. Ihree species of Glossopieris^ G. linearis ^ G. 
ampla^ G. parallela^ are represented in the Damuda flora by the allied forms 
G. angustifolia^ G. co^nmuftis B-nd G. damudica. The Austx^Wzn' Phy Hot heca 
is very closely allied to, and has been considered identical with, P. indica 
of the Damudas, Vertebrariay which is common in both the floras, is only 
known elsewhere by a distantly related species from the J urassic of Siberia. 
These specific relationships between the Damuda and Newcastle flora are 
strengthened by the general resemblance in the type of the floras as a 
whole. All the principal and more characteristic genera of the Newcastle 
beds are represented in both floras, and the genus Glossopieris in both 
cases includes about one-third of the total number of species. 

The palaeontological evidence would of itself be almost sufficient to 
justify the correlation uf the Newcastle and Damuda series, and when we 
bear in mind that their position, relative to the underlying glacial beds, is 
similar in both cases, it becomes certain that the two coal bearing series 
must be more or less completely the equivalents of each other. 


Above the Newcastle comes the Ham’kesbury group of sandstones and 
shales. The few fossils that have been obtained from this and the over- 
lying Wianamatta group are scarcely sufficient to establish their correlation 
with any particular division of the Gondwdna system, none of the species 
being found in India except Thinnfeldia odontopteroides^ a Pdnchet form, 
but there is evidence of a recurrence of glacial conditions in the Hawkesbury 
beds which is worth noting. Large angular fragments of shale, similar 
to that interbedded with the sandstones, are found imbedded in a confused 
manner, with their original bedding planes lying at all angles, in a matrix 
of sand. '1 hey occur nearly alw’ays immediately above the shale beds, 
and are accompanied by well rounded quartz pebbles.^ It is difficult to 
account for the facts that have been described without the agency of ice, in 
one form or another, but they are in no way comparable with the proofs 

^ C S. Wilkinson; BoygSoc. Nm. South Wales, XIII, lOS, (i88o). 
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of glacial action exhibited by the marine beds. The evidence indicates the 
action of winter ice rather than of actual glaciers. 

No evidence of the recurrence of glacial conditions has been recorded 
in India, but there is an indication of a return of cold in the undecomposed 
felspar, found in the sandstones of the Pdnchet group. Unclecomposed 
felspar is characteristic of the sandstones associated with the boulder beds 
of the Talcbirs, and Prof. Green^ nas remarked on the extreme freshness of 
the felspar in the glacial beds of the same age in South Africa. The beds of 
glacial origin in the Indus valley, which have been supposed to be eocene^ 
also contain an abundance of fragments of undecomposed felspar. Apart 
from these observations there is an inherent probability that sandstones 
containing undecomposed felspar would be found in cold climates. They 
mean that the disintegration of the parent rock from which the material was 
derived, together with the transport and final accumulation of the debris, 
went on at a greater rate than chemical decomposition of the constituent 
minerals, and this might be due either to extreme dryness, which would 
retard the rate of decomposition, or to an extreme severity of climate, 
which would accelerate the rate of disintegration. 

Taking these considerations into account, it may well be that the un- 
decomposed felspar of the P^nchet sandstones indicates a recurrence of a 
cold period, less severe than that of the Talchir, and comparable to that of 
the Hawkesbury group in New South Wales. Quite independent of this 
the stratigraphical position of the two groups would suggest their correlation, 
and the flora, which contains a mixture of purely lower Gondwdna with 
upper Gondw^na genera, is consistent with this conclusion. 

Newer than the Hawkesbury beds a number of groups of plant bearing 
sandstones are found in different parts of eastern Australia, which probably 
represent the upper Gondwdnas of India. Their relations to each other 
have not been fully worked out, and the recorded fossils indicate an 
admixture of specimens obtained from older beds. In any case they are of 
little importance in the present connection, and will not be further noticed. 


In South Africa we again find a representative of the Gondw^na flora 
which, though perhaps less valuable for the purposes of establishing the age 
of the Indian formation than the Australian beds, is otherwise of great interest 
and importance. The Karoo series, as it is now generally called, consists 
of a thickness of many thousands of feet of sandstones and shales, with 
interbedded coal seams. Like the Gondwdnas, they were at first regarded 
as lacustrine in their origin, but are now looked upon by many geologists 
as having been deposited by rivers. Whether lacustrine or river deposits, 

^ Quart. Jour. Geol. Soc.y XL!V, 244, (j 888), | ® Infra^ p, 346, 
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they were ceiiainly formed by fresli water, and the coal resembles that of 
the Damudas in its laminated structure and in the absence of an undcrclay 



Gj granite and gneiss. 5, silurian. B, porphyritic intrusions. C, carboniferous. Black, 
Ecca-conglomerate. /T, Karoo formations and overlying trap. White (in the neighbourhood 
of Aigoa Bay and Cape Agulhas) Uitenhage and younger marine deposits. 

or even roots penetrating the underlying beds. More important than these 
mineralogical resemblances are the similarities shown by the fossil flora and 
fauna of the two countries, as will be described immediately. But, first, it 
will be well to notice briefly the distribution and relation to older rocks of 
the beds we are concerned with. 

The Karoo formation occupies a very large tract of dry lands, in the 
interior of South Africa, forming the head waters of the Orange river 
and its southern affluents, and of the principal rivers which issue on the 
south coast Northwards its extension has not been worked out, but rocks 
of a similar character have been observed in central Africa. 13etai!s of the 
palaeontology of these regions, which alone would render them of import- 
ance in the present connection, are however wanting. Over the whole of 
the area in South Africa occupied by the Karoo system, the beds lie liori- 
2 ontally in general, except for slight disturbance of the lower beds along 
the southern margin, and form large, flat, desert, plains, known as Karoo, 
from which the system derives its name. 

Between the Great Fish and St. John^s rivers the Karoo beds extend to 
the east coast, but elsewhere they are separated from it by a series of 
ranges formed of more or less disturbed pateozoic beds. Among these the 
Bokkeveld beds contain a fauna of distinctly Devonian facies, overlaid by 
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plant bearin and Zuurberge quartzites, containing a 

flora allied to the carboniferous of Europe. 

I'he subdivisions of the Karoo system have received a variety of names 
at different times from different authors, but generally it may be divided 
into three divisions as follows : — 

3. Upper or Stormberg beds. 

2, Middle or Beaufort beds. 

I. Lower or Ecca and Koonap beds. 

In dealing with the palaeontology of this system we Iiave the great 
advantage that the latest, and most complete, description of the plants is by 
Dr. FeistrnanteV the same distinguished palaeontologist who examined 
and described the floras of India and Australia. According to him the 
specimens from the lower, or Ecca, group comprised the following species : 

D. Glossopieris hrowniana, ■ ( K. Noeggerathiopsis hidopi, 

K. Gaiigamopteris cyclopteroides, 

(a variety). 

The middle or Beaufort beds yielded 

Sch'zoneiira (?) ofricana* 

Phyllotheca (?) 

D. Glossopteris browniana, 

D. „ angtisii folia, 

D. s, communis, 

the last being, according to Dr. Feistmantel, very probably the same as 
Palseorittaria kurzi, Fstm , from the Dam udas. 

In these lists the letter K signifies that the species occurs in the Karhar- 
bari group, D that it is found in the Damuda series, and a glance at the 
list will show that, with the exception of one doubtful species, all those 
recognisable are identical with Indian species, and there can be no 
danger in correlating the Ecca and Beaufort beds with the Taichir and 
Damuda. 

Apart from the palaeontology of these beds, the lithological character of 
the lower or Ecca group would suggest its correlation with the Talchirs, for 
it contains a boulder bed, composed of blocks of stone of various sizes, im™ 
bedded in a fine grained matrix, precisely similar to that of the Talchirs, 
and now generally regarded as owing its origin to glacial action. The 
Ecca group also resembles the Talchirs in containing beds which closely 
resemble volcanic traps or ashes.^ There can be no doubt that these 
glacial beds were formed during the same cold period which has left such 
conspicuous traces throughout India and Australia, and, taken in con- 
junction with the fossils, they leave no room for doubt that the Ecca beds and 


D. Glossopteris striefa^ 

D. ,, ret if era, 

K. D. „ damudiaa {suvmciiy), 
Rubidgea maokayi, Tate. 


^ Uebersichtliche Darstellung dergeolo^isch- 
palseontologischen Verhaitnisse sud Afrikas 
I Theii ; Die Karooformation und die dieselbe 
unterlagernden schichten. Abkand. K, h&hm, 


Ges. Wtss„ VIL Band 3, fiSBp). 

2 A. H. Green, Qtmrf, your. Geol, Soc,^ XLIVj 
244, (1888), 
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Talcliirs were deposi^^^^^ The Devonian famia, and 

carboniferous flora, underlying them have been already referred to, and as 
far as can be judged from the published description, there is no great 
discordance, implying a long lapse of time, between the beds in which they 
are found and the base of the Karoo system. 

Besides the plants, and much better known than them, are the numer- 
ous reptilian remains, which have been found in the Beaufort beds. These, 
too, show a very distinct connection with the much more limited lower 
Goiidwdnaiauna. The Mdngli labyrinthondont,, Owen, 

is closely related to Mtcropkolis siottJzY, Hux., from the Beaufort beds. 
The aberrant genus Dicynodon is represented by no less than thirteen 
species in Soutlv Africa, and is not known elsewhere except from the 
PAnchet group, and from reputed triassic beds in North America, wdiile 
Ptychosia&um orientale resembles P. declive^ Owen, so closely that the 
specific distinction is difficult.^ 

The age of the Beaufort beds, as compared with the European se- 
quence, cannot be said to be definitely established, the opinions expressed 
by different palaeontologists, and by the same one at different times, having 
varied, but the general consensus appears to be that the reptilian fauna 
represents a triassic age. They have generally been regarded as the equi- 
valents of the PAnchet group, on the strength of the resemblances between 
the reptiles of the two, but the conjecture is open to question. The 
genus Dicynodon ranges into the next succeeding rock group, which also 
contains one plant identical with a Pdnchet species, and agrees better in 
stratigraphical position than the underlying Beaufort group. 

The uppermost group, of the Karoo system, again contains reptilian 
remains, among which is one species of Dicynodon^ and the following 
plants, besides some undetermined equisetaceous stems : — 

A. Sphenopieris elongafa, 

A. Thinnfeldia odontopter aides. 

A. 5, trilobaia (?). 

A. Tmniopteris carruthersi. 

A. 5, dahireei. j Baiera sehencM. 

In this list the letter A denotes that the species has been found in Aus- 
tralia, in the so called mesozoic beds of Victoria, Tasmania or Queensland, 
whose exact position in the New South Wales sequence has not been 
fully established. The two species of Sphempteris have been found in 
South America, and only one Thinnfeldia odontapteroides^ a 

Pdnchet form, has been found in India. The probability that these beds 
represent the Pdnchet group has just been referred to, and the presence 
of this plant makes the suggestion more probable. 

, ’ ^ Lydekker, Records^ XXIII, *9,, (1890). 


A n thro p hyosis^ sp. 
AUthopteris^ sp. 

A. PodoBiimites elongahis. 

sp. 
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It will be seen that the flora of the Stormberg beds is as distinctly 
allied to the Australian one as those of the lower groups are Indian, but 
Indian affinities reappear in the next succeeding rock group. 


In the neiglibourhood of Algoa bay a set of fossiliferous shales and 
sandstones, known as the Uitenhage series, of no great thickness and not 
found far from the coast, bears much the same relation to the Karoo sys- 
tem of the interior, as do the coastal outliers of the R^jmahal series to 
the lower Gondwanas of the interior of the Peninsula. Like these, they 
are of marine origin and have yielded marine fossils, which were at one 
time believed to indicate a lower oolitic age,^ but have since been shown to 
be neocomian,® at least so far as the upper beds are concerned. 

The plant remains that have been described appear to have been pro- 
cured from the lower beds of the series.^ Unfortunately, Dr. Feistmantel 
did not live to complete the description of the plants of this series, and we 
have only the earlier description of a more limited collection by Prof. 
Tate, of which the following is a list^ : — 


Filices — 

Cycadeace^- 


Pecopteris aiherstonei. 

Paleeozamia 

{Otozamites) recta. 

„ ruhid^ei. 

it 

(Podossamites) morrisii. 

„ africana. 


rubidgei. 

,, lobata. 


(vel Pteropkyllum) qfri* 

Sbh en opteris antipodu m. 


cana. 

CyclopUris jen hinsiana. 




CoNiFERiE — Arthrotasiiies, 


Of these, Pecopteris lohata is a Rdjmahdl form, P, aikerstonez diXid P. 
rtf bid get are allied to Alethopteris indica. Cyclopterls jenkinsiana is allied 
to C, oldhami^ and the Arihrotaxites is very like the R^jmahdl Echmo^ 


strohus indie us. 

The alliances of the Cycads are vague and appear to be rather with 
European lower oolite than with Rdjmahil forms, but Pecopteris lobata 
appears to be the commonest plant, and C. jeztkinsiazia is also abundant. 
On the whole, however, the flora is distinctly related to that of the R^jniahal 
group, though the resemblances are not sufficient to establish a contem- 
poraneity of origin. 


Having detailed the facts, so far as they bear on the subject in hand, 
we can now proceed to the discussion of the age of the different rock 
groups. 


^ R. Tate, Quart, Jour. GeoL Sqc,^ XXIIIi 
169,(1867). 

* Holub. u. Neumayr, Denks.^ k. k, Akad, 
Wien., XUV, 267, (1882). 


® Quart. Jour. GeoL Sac., XXIII, 147, 
(1867). See also G. W. Stow, Quart. Jour. 
Geol. Sac., XXVII, 497, (1871). 
i Quart, Jour. Geol. Soc., XXlH, 144> (1867)- 
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To begin with, we find, in Africa, India, and Australia alike, certain 
beds containing abundant^^ conspicuous traces of glacial action. The 
plant remains show that in South Africa, in the Indian Peninsiila, and in 
Victoria these are of approximately the same age, and marine fossils show 
the same with regard to the beds in New South Wales and the Salt range. 
The deposits in every case were formed during a period of great cold, which 
was succeeded by a much more temperate climate, and it is almost impos- 
sible to doubt that this wide spread change of climate must have been due 
to some far reaching, if not cosmic, cause. It is consequently justifiable 
to use these glacial deposits for the purpose of correlation, and to conclude 
that the boulder beds of the three continents were formed contempora- 
neously. ■ ■ ■ 

In this way we at once find in the marine fossils of New South Wales 
and the Salt range a means for determining the homotaxis of the Takhir 
group. The former were once regarded as lower carboniferous in age, but 
the bulk of the lower carboniferous species they contain range through the 
whole of the epoch. The absence of the group oi ProiiticiMS giganieus, 
and the presence of the genus Strophalcsia^ point to a newer horizon, and 
they are now looked upon as upper carboniferous or somewhat newerd The 
reasons for ascribing a similar age to the Salt-range boulder beds have 
already been given. 

The Barakar group in India and the Beaufort beds in South Africa agree 
so closely in their stratigraphical relations to the glacial boulder beds, and 
in their fossil plants, that they are clearly equivalent to each other. In 
the case of the Newcastle beds of Vicloria, though the palaeontological 
agreement with the Barakar group is less close, the stratigraphical 
relations are equally intimate, and there can be little doubt that there 
is no great divergence in the homotaxis of the two groups. The strati- 
graphical connection, between the Newcastle beds and the underlying, 
marine carboniferous deposits, is too close to allow of any great interval 
of time, and the Newcastle beds and Barakars cannot well be newer than 
permian. In the Salt range a similar stratigraphical position is occupied 
by the lower division of the Productus beds which are separated from 
the boulder beds of Takhir age by the speckled sandstones. If not the 
equivalent of the Barakar group, they cannot be much older. Their age 
has already been established as corresponding to the permo-carboniferous 
of the Ural mountains, and it is noteworthy that the flora of this age in 
eastern Russia is as essentiall}’- and typically palaeozoic as the contem- 
poraneous Barakar or Karharbdri flora is niesozoic.^ 

^W. Waagen, Jahrh, K. K. Geoh Reich$: IV, 153, (1890). 

Wien^ XXKVII, 163, (1887); Records^ XX!, , ® See PaL Indica^ series xiii, IV^, 17S, 
106, (1888) . See alsoP«/; Indica^ series xHi, 
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As we ascend the sequence the evidence gets less satisfactory. The 
probable equivalence of the Pinchet group with the Hawkesbury beds of 
Victoria and the Stormberg beds of South Africa has already been referred 
to. The fauna of the Beaufort beds, once regarded as permian, is 
now more usually looked on as triassic, but the evidence is not con- 
clusive. In the Salt range no certain equivalent of the Panchets can be 
detected, though it is possible that the base change of fauna at the top of 
the Ceratite beds was due to a change of ocean currents caused by, or 
the cause of, that change of climate which is indicated in the Pdnchet and 
Hawkesbury beds. This suggestion would harmonise with the conclu- 
sions that have been drawn from the study of the animal remains of the 
Pdnchet group. 

The age of the Rdjmahdl group must remain uncertain till the marine 
fossils of the outliers on the east coast have been determined. It is older 
than the Tripetty sandstones from which Trigonia smeei and T. ventricosa 
were obtained, both of which occur in the Umia group of Cutch, and the 
last named also in the neocomian beds of the Uitenhage series. The 
cephalopoda of the Sripermatur group were believed by Dr, Waageii to 
have a neocomian facies, but the specimens are too ill preserved for very 
great value to be attached to this determination. 

Indirectly we can form some sort of a guess at the age of the Rdjmahdl 
group, for the plant beds of Cutch overlie beds containing a marine fauna 
which represents an upper oolitic (portlandian) horizon, and underlie a 
bed of ferruginous oolite of neocomian or aptian age. 1'he lower oolitic 
facies of the flora has been mentioned, but in view of the uncertainty that 
attaches to palaeobotanical evidence, when large distances intervene, and 
the distinctness of that afforded in the present case by the marine fossils, it 
is impossible to regard the Cutch plant beds as older than upper oolite 
while they may verge into the neocomian period. The Jabalpur group, 
which is closely related to the Cutch plant beds, becomes, consequently, 
middle oolite at the oldest, and the R^jmabal series ranges backwards 
from that, throwing the Rdjmah^l group of the Rajmabal hills into the 
lower oolite or even the lias. 

Taking everything into consideration, we may then accept the corre- 
lation indicated below as approximately representing the true interpreta- 
tion of known facts. Two important reservations must, however, be made 
in this connection. In the first place the suggestion made by Mr. H. 
F. Blanford ^ in 1875, that the Talchir boulder bed was contemporaneous 
with the permian glacial deposits of England, has never been absolutely 
disproved, and as recent investigations have shown that the supposed lower 
carboniferous deposits of Australia are newer than they were formerly 

* Quart, Jour,, XXXI, 528, (1875). 
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Tabular Statement of the probable equivalence of the Upper Paleozoic 
and Lower Mesozoic rocks of India, Africa and Australm, 


Europe. ' 

India. 

New South Wales. 

South Africa.' 

Upper Oolite . 

Middle Oolite . 

Lower Oolite . 

Umia. 

Jabalpur. 

Kota- Maleri. 

■ 

■ 

Lias. . ■■ , '« . 

Rajm^hal. 



Rhaetic , 

MahiCdeva 

Wianamatta. 


Trias » 

Panchet 

Hawkesbury . 

^ Stormberg. 

Permian 

Permo-Carboniferous 

Raniganj . ^ j 

Barakar .. ) 1 

Newcastle . . | 

Beausfort. 

Upper Carboniferous 

Talchir , , 

Lower coal measures ' 
and associated mar-, 
ine beds. i 

Ecca. 


considered to be, it is still possible that this may be the true equivalence, 
in which case the Finchets might be of rhaetic age, as their flora indicates* 
In the second place the correlation of the Rijmahdl group with the lias is 
open to question. Dr. Waagen’s statement regarding the neocomian facies 
of the Sripermatur cephalopoda cannot in itself carry any weight, on 
account of the very imperfect and ill preserved material he had to deal 
with, but, taken in conjunction with the palseontological connection of the 
RAjmah^l flora with that of the lower beds of the Uitenhage series, whose 
upper beds are now regarded as neocomian, it is strongly suggestive of a 
later age for the Rdjmah^l beds than is indicated in the table. The palcC- 
ontological grounds on which the Rdjmahdl is considered older than the 
Jabalpur group have been referred to in the last chapter, w’here it was 
shown that, looked at from a purely local point of view, it is more probable 
that the difference between the two floras, and their admixture in the Kota- 
Maleri group and the upper members of the outliers on the east coast, is 
due to a difference in age than to a mere difference of situation These 
reasons are not, however, conclusive, and it seems possible that an ex- 
amination of the marine fauna of the east coast outliers would show that the 
R^jmaliAl beds are newer than has been supposed, and that the differences 
between the Rdjmahdl, Jabalpur, and Cutch floras do not indicate successive 
periods of time so much as divergent conditions of soil or climate, existing 
ill different parts of the continent on which the beds of theGondwdna 
system were deposited. Further, there are grounds for taking the Umia 
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group out of tlie Jurassic system and placing it at the base of the cretace- 
ous, since its stratigraphical connection with the overlying beds, containing 
upper neocomian ammonites, is as close as with the underlying Katrol 
group, whose age is regarded as upper oolite (Oxford). Though it is im- 
probable in either case that the Cutch groups are exactly contemporaneous 
with the groups they have been referred to, on the strength of their marine 
fauna, there is ample room between the possible limits of error to allow of 
the Umia group being either lowermost neocomian or uppermost oolite, 
and the occurrence of Uitenhage neocomian in the Tripetty beds, 

which are piobably, and the Katrol beds which are certainly, slightly older 
lends some support to a correlation with newer beds than that adopted. 

It will be seen from this that there are grounds for shifting the whole 
of the GondwAna groups a step higher in the sequence than the positions 
they occupy in the tabular statement, but the comniencement will still 
remain in the palaeozoic era, whence the system ranges throughout the 
lower half of the mesozoic era well into its upper portion. 

Apart from these elements of uncertainty regarding the exact correlations 
of the different rock groups, the tabular statement does not truly represent 
their relations of the different rock groups in point of time. It has been 
necessary to space the rock groups equally, as it is quite impossible to 
determine what relation the periods they respectively represent may bear 
to each other, though it is quite certain that they are far from being equal 
or nearly so. Apart from this, and with the reservations already made, 
the table may be taken as representing the nearest approach to the truth 
which is at present possible of attainment, and equivalence adopted as that 
which appears to agree best ivith the known facts, taken as a whole. 

The comparison of the South African and Indian GondwAna floras is of 
less importance and interest from the point of view of establishing their 
honiotaxis than as indicating a former distribution of land and sea very 
different from what now exists. Naturalists have before now appealed to 
a former land area stretching across what is now the Indian Ocean, to 
explain certain relationships between the living fauna of the Indian 
Peninsula on the one hand, and South Africa and Madagascar on the other, 
and the name Lemuria, given to this suppositious continent, is familiar to 
many. The hypothesis has of late years been discredited, at least in the 
form in which it was first propounded, and for the purpose it was originally 
intended to serve, and the most distinguished of the authors who have 
treated this subject, Dr. A. R. Wallace, has not only denied the neces- 
sity of appealing to any land connection in order to explain the pecu- 
liarities in the distribution of living animals, but has declared" that the 

^ “Island Life” ed, i8So, p.418. 
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fauna and flora of the Mascarene islands, lying bettveen the two con- 
tinents, is such as to preclude the possibility of their being the remnants 
of an ancient continent, as was supposed by the believers in Lemuria. Dr. 
W. T. Blanford has, however, not only shown that the fads are not fully 
stated in Dr. Wallace’s book, but has shown that the actual distribution of 
certain genera of birds, fishes, reptiles, and land mollusca, are strongly 
suggestive of a stretch of dry land having formerly extended from 
Southern India to Madagascar.^ The question is a complicated one, 
even if Dr. Wallace’s conclusion is granted, it no ways justifies the much 
wider inference he has drawn in support of the somewhat popular hypothesis 
of the pernianence of continental and oceanic areas, and is quite consist- 
ent with the existence of an Indo-African continent in prelertiary times. 

The facts that have been detailed regarding the fauna and flora of the 
Karoo system show that there is a closeness of relation, amounting to iden- 
tity and, extending throughout the whole of the Talchir and Damuda periods, 
which is inexplicable unless there had been a continuous land communication 
along which the plants could freely migrate between two areas.® 
And the conclusion is vastly strengthened when we remember that through- 
out the greater part, if not the w’hole, of this period, a very different type 
of flora was flourishing in Europe and North America. 

Whether the comparative absence of Indian forms in the flora of the 
Stormberg beds indicates a break up of this land connection and the 
establishment of free communication with what is now Australia, it is difficult 
to decide, but if broken up, the presence of the Indian forms in the Uiten- 
hage series suggests that the connection must once more have been 
established. It is true that only one species is identical in the two areas, but 
after allowing for the uncertainty of the alliances of fossil species of plants, 
the connection between the two floras seems to be real, and the differences 
are such as would naturally follow from a difference in their age. 

The indications of a former Indo^ African land area do not cease with 
the Gondwdna epoch. From a study of the jurassic fauna of the 'world, 
Neumayr came to the conclusion that a land barrier must have stretched 
from Africa to India during that period, separating two distinct 
faunasA This conclusion was especially founded on the study of the 
neocomian fauna of the Uitenhage series, and has lately received a 
strong confirmation in the identification of four species of Belemnites from 

^ Proc, GeoL Soc. Lond,^ 3890, Presidential, of a direct land communication.” As may 
address p. 83, be seen from what has gone before and what is 

Dr. A. R, W^allace Island Life,” p. 398) to follow, he hardly appears to have appre- 
speaks of the “ fragmentary evidence derived ejated the full weight of tlie evidence. The 
from such remote periods” and the futility of subject has been treated of by Dr. W. T. Blan- 
the notion that “a similarity in the production lord in his presidential address to the Geolo- 
of widely-separated continents at any past Society, 1890. 

epoch f$ only to be explained by the existence ® Denhckr, k, Ak. Wiss. IVieUf L, 132, 
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Madagascan^ Three of. these belong to the group of Noiocmh] a gfoup 
which is typical of his equatorial fauna, while the fourth belongs to the 
a group which is distinctly southern m Europe. The only Beiem* 
in the Uitenhage beds is not only different from any of the Mada- 
gascar forms, but belongs to the group *4 /////, which is typical of the 
boreal regions in the northern hemisphere. The inference from this is 
that the neocomian beds of northern Madagascar were deposited in an 
extensioni of the tropical sea, while those of the extreme south of Africa 
were formed in a different, pix»bably colder ocean 

This barrier does not seem to have been absolutely conHnuous 
throughout the Jurassic period, or there may have been a mode of communi- 
cation round the siorth of the Peninsula of India by which some migration 
took place, and so the presence of a few Cutch species, w^hich are also 
found on the east coast of India and in South Africa, is accounted for. 

In cretaceous times the evidence is even stronger. The fauna of the 
cretaceous (cenomanian) beds of Blgh is closely allied to that of Arabia and 
Europe, but is as distinct from that of the cretaceoas beds in Trichinopoli 
as is possible in the case of two homotaxially equivalent faunas. But the 
Trichinopoli cretaceous fauna is very closely allied to that of the Khdsi 
hills and of South Africa, showing that these areas, which are separated 
from each other by distances much greater than that which divides the 
Trichinopoli and Bdgh exposures, were parts of one marine province, and 
the difference of the fauna from that of the lower Narbadd valley can 
only be explained by the existence of a land barrier, separating the sea in 
wdiich the Trichinopoli, Khlsi, and South African fauna lived, from that in 
which the Narbadd, Arabian, and European cretaceous beds were deposited.® 
We see then that throughout the later part of the palaeozoic and the 
whole of the mesozoic era, there was a continuous stretch of dry land over 
what is now the Indian Ocean, which finally broke up and sank beneath 
the sea in the tertiary period. 

This conclusion has an important bearing on the generally, though not 
universally, accepted doctrine of the permanence of continental and 
oceanic areas. It is claimed, by many geologists of eminence, that the 
deep oceanic areas of the present day have been oceans throughout the 
whole of the period represented by the sedimentary formations of the 
geological sequence, and that, if we except small volcanic islands rising 
from the depths of the ocean, the dry land of every geological period was 
confined to the present dry land and the shallower parts of the sea sur** 
rounding it. • 

^ Quart. Jour. Geol. Sot,, XLV, 333, (1S89). but the climatic inferences are vitiated by th® 
® Neues Jahrh. Min. Ceol.y 1890, Bandl, p. i; possibility of there having been extensive ai* 
W. T. Blanford, Qua^i. Jour. GeoLSoc., xiM% terations of latitude since these beds were de* 
proceedings, p. 98, (iSpo), The evidence is , ^s\te^{videinfra), 
good for the distinctness of the marine areas, ^ See pp. ^>47, 255. 
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The sonndings that have been made in the Indian Ocean are not so 
numerous as to preclude the possibility of there being a bank connecting 
India and Africa, which would allow a bridge of dry land having existed 
without imperilling this popular theory, but there are no indications of the 
existence of such a bank, and the Indian Ocean is generally regarded by 
the supporters of the hypothesis as one of the original oceanic areas of 
the world. So the conclusion -we have to draw from known and accepted 
facts is in conflict with an hypothesis which has much to be said in its 
favour and has the support of many of the most eminent geologists of the 
day. 

But this hypothesis is, consciously or unconsciously, to a large extent 
bound up with, and based on, ideas relative to the constitution of the earth 
as a whole, which represent it as either solid throughout, or at any rate as 
having a solid crust whose thickness is very considerable in proportion to 
the whole diameter of the earth. And one of the consequences that follow 
on this theory of the constitution of the earth is, that there cannot have 
been any great changes in the direction of the earth’s axis of revolution, 
or changes of latitude of places on its surface caused by the shifting of the 
superficial cru.st over the internal core. 

Here again we find the facts in conflict with a generally accepted hypo- 
thesis, which is, however, being gradually discredited in later years. What- 
ever may be the cause of these cold periods, of which two are now well 
established in the geological history of the w'orld and several more are 
less completely indicated,^ there can be no doubt that their effects will be 
more widespread, more extensive, and their traces more conspicuous in 
high latitudes than in low. Yet the remains of this carboniferous glacial 
period so conspicuous in India, Africa, and Australia, all lie within, or only 
just beyond, thirty degrees from the equator. The furthest from the 
equator lie in latitudes where the last glacial period, of pleistocene times, 
has left but few traces at low altitudes, and those of a somewhat doubtful 
character, while most of the remains are in latitudes to which the ice of 
the pleistocene glacial period never penetrated, and many are well within 
the tropics. 

At the same tinne the corresponding deposits not merely of the temperate 

clime in Europe and America, but even wdthin the Arctic circle, in which 
one would expect the traces of this cold period to be more Abundant, 
more extensive, and more conspicuous, are almost free from traces of 
glacial action. Boulders of rock imbedded in fine silt have been found 
and some have shown a striation believed to be due to the action of ice’ 
but they are sporadic and indicate that the carboniferous beds of Fnoknd 
and Europe, m which they were found, lay in a latitude which was near the 
limit which the floating icebergs could reach before melting. 

]. Croll ; “ Climate and Time,” London, 187S, Chap. XVffl. See also pp. io6, 346, h. 1 . 
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If we compare tbis with the very distinct evidence that glaciers 
descended to low altitudes in the Peiiganga valley and the great desert of 
Rijputdna/the contrast is not only striking but inexplicable, unless there 
has been a very considerable change of the position of the earth’s surface 
relative to the present position of the poles. 

There is independent evidence that similar changes of latitude are 
actually taking place at the present day, in the records of all the principal 
observatories of Europe and America^ The justice of the conclusion has 
been questioned and the variations have been ascribed to instrumental 
errors and errors of observation, but their consensus is so strong that this 
appears to be out of the question, and their accuracy has to a great extent 
been confirmed by a series of observations recently made at Honolulu.® 

In fact, the only grounds for questioning the possibility of changes of lati- 
tude on the earth’s surface are based on those hypotheses regarding the 
constitution of the earth which have been referred to, 'Jliese hypo- 
theses, however, are not based on direct observation, but on mathematical 
reasoning of a very brilliant nature which, to quote Prof. Huxley’s well 
known simile, is a mill that grinds very fine, but can only grind what 
is put into it. In the present case the fundamental data on which the 
investigations were based are uncertain, and the conclusions must con- 
sequently be questionable. This view has frequently been verbally accepted, 
and more recent investigations have gone far to modify the earlier ones, 
yet such is the glamour of genius, and such the natural tendency of 
human nature to mistake precision for accuracy, and to prefer a definite 
statement to a guarded inference, that the idea of the general solidity of 
the earth, with its consequences, that very extensive changes in its form, or 
the position of its surface relative to its axis of revolution, are impossible, 
and the limitation of the period which has elapsed since the earth’s surface 
had cooled sufficiently to support life and to admit of the deposition of 
ordinary sediments, to a comparative few millions of years, have exerted ! 
an influence on the speculations of physical geology none the less im- 
portant because usually unconscious. 

It has already been stated that some of the more recent ‘mathematical 
investigations have tended to show the uncertainty of the earlier conclu- 
sions, and in one of the most recent and philosophical of these, § the Revd. 

O. Fisher has almost returned to the old idea of a thin crust lying on a 
molten interior. According to him the actual solid crust of tiae earth is 

^ Asaph Hall, Am. Jour, ScL, 3rd series, > important, as showing a distinct change cf 
XXIX, 223,(1885); R. D. Oldham, azimuth, and probably of latitude, since the 

3rd decade, 111,300, (1886) ; G. C. Comstock, pyramids were built. 

Am. Jour, ScL, 3rd series, XLII, 470 , (1S9O* ® Soc., 227, (1891). 

Flinders Petrie’s observations (*‘ Pytainids and ® O. Fisher, Physics of the Earrh s Ciust 
Temples of Ghizeh » London, 18S3, P- *^ 5 ) are London, ist edn., iSSi ; snd edn., 1889* 
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comparatively Terj' this, , not exceeding 25 to 30 miles in tliicknessj and 
rests Oil a magma which/ in its essential characters, must be regarded as 
afimd. What may condition of the great mass of matter forming the 

centra! core of the earth is unknown and immaterial, b»t if Mr. Fisher’s 
theory of the earth^s crust is correct, it not only allows of changes of lati* 
lude haTiiig taken place, but renders it . exceedingly improbable that they 
have not taken place. In this respect it agrees better with the observed 
facts than the more usually held hypothesis, and we will see, when the 
Hiniilayan * range is dealt with/ that this is not the only respect in which a 
coafirmation of his theory can bo derived from the facts of Indian geology. 


CHAPTER IX. 

MARINE JURASSIC ROCKS. 

Cutch — Western R:ijputana~**Sak ranpe- Himalayas- Afghanistcin — Doubtful jurassics of 

western Garb wa!. 

With the exception of the fossiliferous upper Gonclwina beds of the east 
coast, referred to in a previous chapter, no marine beds of Jurassic age 
are known to occur in the peninsular area proper, and even as regards these 
it is still uncertain whether they should not be regarded as more recent 
in their origin. But in the debateable tract lying east of the Indus and 
west of the Aravallis, marine Jurassic rocks attain a large development 
^ in Catch and in western Rdjputdna, 

The Jurassic area of Cutch^ may be considered as occupying a number 
of post-tertiary islands, now connected by alluvial flats. The largest of 
these islands, that forming the western and central portion of Catch, is 
about a hundred and twenty miles long, from east to west, by about forty 
broad. To the north-east of it is the district of Wdgad, another ancient 
island nearly fifty miles from east to west, and, excluding alluvium and 
Rann,"’ twenty-five miles bread. Farther north four isolated masses of 
hills, chiefly composed of lower Jurassic rocks, extend in a line nearly a 
hundred miles in length from east to west. These are the so called islands 
in the Rann,® Patcham, Kharir (Khurreer or Kurreer), Bela and Chorar. 

^ The account of this province is taken partly species might by other naturalists not be con- 
from a report by Mr. Wynne, Memoirs^ XI, pp. sidered to rank higher than varieties. 
1—293,(1872), and partly from manuscript notes 2 The “ Rann of Cutch is an immense tract 
by the late Dr. Stoiiczka. Th^Cepkalopodah^-^t Surrounding the province on all sides, except 
been determined by Dr. Waagen, and described the south, and consisting of barren salt marsh 
in the Pal. Indicas series ix, (1873-75). It periodically overflowed by sea water. This 

. should, perhaps, be noticed that Dr. Waagen’s tract, which is evidently an ancient sea basin 

; views of specific distinction differ from those of now tilled up by alluvial deposits, will be far- 

j many paiseontologists, and that, as be points ther described in a subsequent chapter on 

^ out, several of the forms described by him as post-tertiary and recent deposits. 
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A few smaller islands also occur, but none of them are of sufficient size 
to be worthy of notice. 

None of the rocks found in Cutch and the adjoining islands are of older 
date than Jurassic. In one spot some limestones, containing upper neo* 
comian Cephalopoda^ are found resting upon the Jurassic series, the 
uppermost group of which may perhaps itself be of intermediate age, and 
belong in part to a lower neocomian horizon/ In general, the upper 
Jurassic beds disappear to the south beneath the Deccan traps, but marine 
tertiary beds (nummulitic) overlap the traps and rest upon the older series 
in many parts of the country, both traps and nummulitic beds being C|uite 
unconformable to the Jurassic formations. 

The lowest beds are seen dipping to the south in the Rann islands, 
and are locally exposed in an anticlinal which runs along the noitheni 
edge of the province, the intervening synclinal being, for the most part, 
concealed beneath the Rann. From the anticlinal near the Rann there 
is a genera! dip, varying in amount, to the southward. The greater 
portion of the series is, however, repeated twice in consequence of a great 
fault, which runs from east to west along the northern scarp of the 
Chdrwar range of hills south of BhuJ. 

By the earlier observers, including Mr. Wynne, the Jurassic series in 
Cutch was simply divided into a Io\ver and an upper group, the former 
chiefly marine, the latter apparently fresh water for the most part, though, 
as was shown clearly by Mr. Wynne, no marked line of division can be 
drawn, for not only is there an absence either of unconformity or of any 
marked break in lithological character between the two subdivisions, but 
marine beds are occasionally found interstratified with the upper, and 
plant beds with the lower group. The examination of the Cephalopoda 
by Dr. Waagen indicated the probability that representatives of several 
European Jurassic groups existed in Cutch, and Dr. Stoliczka, re-examining 
the beds with the aid of Mr. Wynne^s geological map and his own 
knowledge of palaeontology, found no difficulty in distinguishing four sub- 
divisions, the three lower of which had been included in the inferior or 
marine group of previous observers, whilst the upper comprised the higher 
fresh water beds, with the uppermost marine strata. The names of the 
groups proposed by Dr. Stoliczka, with their homotaxial equivalents 
amongst European formations, are exhibited on the opposite page# 

The whole thickness of the Cutch Jurassic series has been estimated by 
Mr. Wynne at 6,300 feet, of which 3,000, or very nearly half, belong to 

pf. Stoliczka 'unfortunately did not live to p. 286) is conformable to the underlying 

Ish the results of his examination of Cutch, Umia beds. He does not precisely state, how- 
wt from his rough field notes it appears prob- ever, what are the relations of the upper bed to 
able that the upper neocomian bed of Ukra the lower at this spot. 
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Classification of the Jurassic series in Ciitch.' 



CUTCH. I EUROPK. 


Groups. .. 

Beds, 

,J?'ONES., ' 

Croup. 

( 

I. Beds with Ciioceras Ammo- 

nites of the rkatomagensis 


Cretaceous. 
Upper Aencoj/nan, 

\ 

Umia ^ ^ 

i 

2. Sandstones and shales with Cy- 
cadecs and other plants. 

? 

? VI^ealden, 

3. Sandstones and conglomerates 
with marine fossils, Afumoniies 
{Pensphincies) eudickotomus,fi e- 
giicns^ Irigonia s?neei, T. ven- 
tricosa etc. 

Upper Tithonian 

Lower Tithonian 

Upper jur..\ssic. 
Tithonian and 
Pot Hand. 


4. Sandstones and shales with Am. 
{Phylloceras) ptychoicus, A. {Op- 
pella) irachynoius^A.[Perisphinc- 
tes) torquattiSy pottingeri^ etc. 

Zone of A. {Perispk ) 
fnutabilis. 

Zone of A. {Oppelia) 
tenuilohatus. 

) Upper 

( JURASSIC. 

^ Kimnieridge. 

Katrol, a 

\ 

5 , Red ferruginous and yellow sand- 
stones (Kantkot sandstones) 

with Am. {Stepkanoceras) maya^ 
A, {Aspidocevas) perarmaius^ A, 
{Perisphhictes) virg idoides^ leio- 
cymon. 

.P Zone of A. (Pelt.) 

bimammatus. 

.P Zone of A. {PeltP) 
ir answer sarhis. 

Middle 

JURASSIC. 
(Middle oolite). 
Oxford. 


6. Oolites (Dhosa ool te) with Am. 
(Stepkanoceras) polyphemus^ A. 

( Perisphinctes) indo-germanus, 
A. {Aspid) pen ar mat us., babeanus, 
A. (Pelt.) arduennensis, etc 

Zone of A. {Amaliheus) 
cordattis. 

Zone of A, (Aznaltheus) 
lambei H, 


7. White limestones with Am, [Pelt.) 
athleta^ A. (Oppelia) bicostatus, > 
etc.' 

Zone of A. (Pelt.) 
athleta. 


ChAri . ^ 

8- Shales with ferruginous nodules, 
with Am. (Perispk.) obtusicosta, 
anceps A. (Harpoceras) lunula^ 
punciaius, etc. 

Zone of A. {Perispk.) 
anceps* 

Middle 

\ JUR.\SS!C. 

, (Middle oolite). 
Kello'may. 

mMsMi 


9. Shales with calcareous bands and 
locally with golden oolite: Am. 
(Steph.) macrocephalus^ tunJdus^ 
bullaius^ A. (Oppelia) sztbcos- 
\ tarius, A, (Perispk.) funatus^ 

etc. 

Zone of A, {Steph.) 
macrocephal us. 

::iii 

Patch AM 

A 

10. Light grey limestones and marls 
^ with Am. {Oppelia) set tiger ^ 

] Corals and Brachiopoda, etc. 


i Middle' 

{ JURASSIC 

> (Lower oolite), 

L Bath. 

V:v-': A::''”-'. '"'v . 

1 II. Yellow sandstones and limetones, 
with I'figonioBi Corhulee^ Cucullem, 



Waagen, Pal. Indka, series IX, Introduction, (1875). 
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the uppermost group alone, the thickness of the other groups not having 
been estimated separately/ It must be remembered that the base of the 
whole series is not exposed, and that the upper beds had suffered from 
denudation before they were covered by the traps. 


The Patcham group is thus named from its occurrence in the island 
of Patcham in the Rann. The lowest beds are exposed on the northern 
scarp of a range of hills which runs east and west through all the Rann 
islands from Patcham to Cliorar. The rocks composing the range dip 
south at a low angle, the crest of the hills and the surface of their southern 
slopes being formed of a thick massive bed of yellowish sandstone and 
limestone, which contains Corbtila pecthiata^ Ascarte compressa^ a Trigo- 
nia closely resembling T. interl^vigata^ Cuctill^a virgaia and other 
fossils/ Below the massive bed come shales and sandstones, all more or 
less calcareous, containing a Rhynconella^ near R, concinna^ Lima, Ger- 
villia, a small Exogyra, etc. The lowest bed seen in Patcham island is 
calcareous sandstone abounding in the smsM Exogyra. The same lower 
beds are seen in Koarl Bet, a small islet north-west of Patcham, and on 
the northern flank of the range, in Kharir, Bela, and Chorar, the top of the 
range in all cases consisting of the yellow calcareous rock. The thickness 
of this portion of the beds is at least 500 feet. 

Besides forming the range of hills in the islands of the Rann, the 
Patcham limestone is exposed at four places in Cutch itself, — at Jarra, Kira 
hill near Chiri, Jura hill, and in Halamdn hill near Lodai — all situated along 
the northern edge of the main province of Cutch, near the borders of the 
Rann, In all these places they appear as inliers, exposed at the crest 
of an anticlinal, and surrounded on all sides by higher beds. At Jarra, 
about fifty miles north-west of Bhuj, there is a bed of white limestone 
containing Scyphia, a Terebratida, and small Rhynconellw and, immediately 
above it, a bed of corals. These rocks do not appear to be equally well 
exposed elsewhere. They are at the base of the Chdri group and were con- 
sidered by Dr. Stoliczka as the uppermost beds of the Patcham group of 
Cutch. 


The lower portion of the Patcham group has yielded no Cephalopoda, 
and the higher beds only eight species, ail of which are rare. One is 
Naiitthis jnmarensis, the others are Ammonites, of which one belongs 
to the sub-geo us to Stephanoceras, and three to Perisphinctes. 

One Stephanoceras is a variety of Ammonites macrocrphalus, the typical 
form of which is abundant in the next higher subdivision, and both 
the other species of Stephanoceras pass likewise into the lower beds 

^ As only the Cephalopoda of the Cutch beds muy require modification. Only those are 
have been properly compared, it is possible mentioned which are in all probability correctly 
:hat some of the identifications of other fossils deterunned. 
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of the ChAri group. With the exception of A. macrocephalus, the only 
species found also in European rocks is A. [Oppelia) serriger, which 
was originally described from upper bathonian beds. .So far as the 
Cephalopoda are concerned, it would be difficult to correlate the Patch- 
am group with any subdivision of the European oolites, but the Patch- 
am Brachiopoda, which, hoA’ever, have not been thoroughly compared, 
and the position of the beds immediately beneath the strata containing 
A. macrocephalus in abundance, have induced Drs. Stoliczkaand Waagen 
to refer the group to the horizon of the Bath oolite (bathonian). 

The next group in ascending order derives its name from the village of 
ChAri, situated close to the borders of the Rann, about thirty-two miles 
north-west of Bhuj. This village has been known since the time of Captain 
Grant, the earliest geological explorer of Cutch, as an admirable locality 
for fossils, and especially for Cephalopoda, of which large numbers are 
found in the calcareous sandstones exposed around Kira hill. 

The ChAri group is composed of four subdivisions, each marked by its 
mineral characters and by the fossils it contains. The group, as a whole, 
is much more shaly than any of the other subdivisions; but it contains 
hard bands of limestone or calcareous sandstone forming ridges, which 
are usually distinguished by characteristic forms of Ammonites. 

The lowest of the four zones or subgroups consists of shales, usually 
of a grey colour, with occasional bands of golden oolite, and sometimes 
nodular shaly limestone. The rock called golden oolite (which is not 
peculiar to India, but which is also found in the jurassics of Europe, and at 
about the same horizon) is very characteristic and easily recognised. It is 
a rather coarse grained limestone, composed of calcareous grains, which 
are coated with .a very thin ferruginous layer and are surrounded by a 
matrix of carbonate of lime, so that the stone has much the appearance at 
first sight of a rock with golden coloured mica. In places, as at ChAri 
itself, the golden oolite is thick and conspicuous, but it is locally distri- 
buted and often wanting. The most characteristic fossils of these lowest 
Chari beds are Ammonttes ipStephanoceras) macrocephaltis, and allied 
forms of the sub genus Stephanoceras. 

Above the macrocephalus beds come dark shales, often black, with 
ferruginous bands and concretions. Sometimes, however,, the noduks 
are of white limestone, and the shales are locally sandy, and associated 
with sandstones, but the beds appear to preserve their lithological 
characters in general thoroughout Cutch. The chief palaeontological pecu- 
liarity of this subdivision is the extreme abundance of a Terehratula, 
considered by Sowerby a variety of the cretaceous T. biplicala. Planu- 
late Ammonites {Perisphinctes). s.iQ &ho very common. The shales not 
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unfrequently contain remains of plants, but no distinct impressions have 

been found, b 


The next subdivision, in ascending order, is a very thin band, some- 
times only 2o to 30 feet thick, of whitish or grey shale, with’ bands 
of limestone, which are generally white, but occasionally yellowish or 
brown. Usually this band may be recognised easily by its colour and bv 
its presence beneath the Dhosa oolite. The most characteristic fossil 
is Anmonites [Peltoceras) athleia und, in north-western Cutch, the shell 

of this mollusc is usually changed into black calcspar. 

The uppermost Chdri subdivision, or Dhosa oolite, is the most character 
isticofall both lithologically and palaiontologically. It is of no great thick' 
ness, though more developed than the aiklefa beds, and consists of <xrev 
reddish, or brown oolite, sometimes sandy and often nodular. Cephalotoda 
are extremely abundant. And it abounds in many places in a Terebratula 
closely allied to the cretaceous T. sella, and referred to that species as 
a variety by Sower by. ^ 


The Chari beds are exposed in several places in Cutch, but they no 
where occupy a large area. They are found resting upon Patcham beds 
m the southern part of Patcham and Kharir, and in Kakindiya and 
Gdngta, two small islands south-east of Kharir, forming only the axis of a 
quaquaversal anticlinal on the latter, but none are exposed in Bela or 
Chorar, though a small area exists in the extreme north of Wdo-ad In 
these outcrops the subdivisions are less well marked than to the south, 
ward, and the two characteristic Terebratulas have not been noticed Tn 
the mainland of Cutch, the Chdri group occupies two series of inliers One 
of these series is scattered at intervals along the northern anticlinal ran<.e 
The rocks appear at three places west north-west of Chdri, again around 
Kira hill, near Chdri, the typical locality, they extend nearly twelve miles 

of JurJa hill, north of Bhuj, and 
are found m two more outcrops farther east around Halamdn hill, ^here 
they eidendmore than six miles, and they again appear a mile farther 

of Rh' H occurs in the Charwdr range, south 

Bhuj. Here the Chan beds are brought up at intervals abncx the 
southern side of the great fault ; they are greatly disturbed and cut ^in bv 
cross faults, but the different bands can be easily recoo-nised —the nf ^ 

^ Md tL band 

With T. biphcata^ var., being always conspicuous 

those found in the different subdivisions and the iorr.sp™di!,g“K e'ltoway 


In Dr,. Stoliezka’s field notes he mentions 
having at one locality found fragments of 

quaitz and of a limestone derived from one of 


the lower groups, probably from the Patcham 
orizon. This may indicate an unconformity. 


KATROL GROUP. 


'■mt 


Chap. IX.] 

and lower Oxford groups in Europe, are the following, accordincr to Dr. 
Waagen , , 

111 the lowest Chari subdivision, or macrocephalus beds thirty-one 
Cephalopoda have been found, m. two species of Belemnites^ three of 
Nautilus and twenty-six of Ammonites {Phylloceras 2, including A. 
disputabiliSj Lytoceras i^ Oppelia i, Harpoceras i, Stephanoceras in- 
cluding A, niacrocephaiuSy^x^A Perisphincfes 8). Three are common to this 
subdivision and the upper Patcham beds, whilst none are known to range 
into higher strata. Sixteen species, or rather more than one-half, are 
found in Europe, all, except two, belonging exclusively to the beds with 
A. niacrocephalusN^oi^^x 

In the next subdivision, the dark shales wdth T erehratula hipUcata, 
twenty-seven are found, Z//0. three Belemnites^ one Nautilus^ 

one Ancylocerasy and the remainder Afnmofiites {Phylloceras 2^ Oppelia 3, 
Harpoceras ^yStephanoceras i, and Perisphinctes 1 1). Six of these range 
into higher beds, ivhilst seven are European, and of these latter five are 
only found in the beds with A, anceps (Middle Kelloway), 

dlie Athleta beds have yielded twenty species, three Bde?nnites and 
seventeen Ammonites {Phylloceras J, Amaltheus 2, Oppelia 2, Harpoceras 
2, Pclioceras Aspidoceras and Perisphinctes 7) ; five of these are com- 
mon to the next lower subdivision, and two to the Dhosa Oolite. Eight 
are European, six being peculiar to the zone of A. athleta (Upper 
Kelloway). 

In the Dhosa oolite there arethirty-four Cephalopoda^ viz, four 
nites, one Nautihcs^ and twenty-nine Ammonites [Phylloceras 2, Harpo* 
ceras i, Peltoceras 5, Aspidoceras 4, 'Stephanoceras%, and Perisphinctes 
Four of these range into higher and three into lower beds. Eight are found 
in Europe, the most important being Am. {Aspidoceras) perarmafus^ and 
seven of these belong exclusively to the zones of A, {Amaltheus) lamberiz 
and A, {Amalth.) cordatus (Lower Oxford). Other fossils, especially 
Terebraiula sella^ are abundant in this group. 


The Katrol group, which rests upon the uppermost subdivision of the 
Chdri beds, is of considerable thickness. It consists of sandstones of 
various kinds, white, brown, pinkish grey, etc., and shales usually grey or 
reddish, but sometimes very dark coloured, like those of the 
zone. Ferruginous nodules and concretions sometimes occur in the shales 
which prevail towards the base of the group, the upper portion being 
chiefly sandstones. On the whole, however, shales predominate. 

These beds form two belts in Cutch proper. The first occurs in the 
anticlinal along the Rann and extends for nearly eighty miles, surrounding the 
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inliers of tlie^ Chdri groups., and extending to a considerable 

distance beyond them. The exposure of Katrol rocks varies in breadth 
beingj where broadest, nearly miles wide. The second belt is in the 
Ghar^vdr rarige; south of the great fault. This tract is about thirty-five miles 
from east to west, but nowhere more than two miles broad. Besides this the 
greater part of W^gad is occupied by beds apparently belonging to the 
same group. The rocks are very similar in mineral character, consisting 
of a coarse and fine grey, pinkish and white sandstones above, and grey 
or yellowish shales below, but the Cephalopoda found are almost all dis- 
tinct, and appear to indicate a lower horizon. From their development 
around the town of Kantkot, these Wigad beds have received the name 
of Kantkot sandstone. 

The Cephalopoda of this Kantkot sandstone are nineteen in number, 
iem Bel enin lies and hitetYi Ammonites {Phylloceras i, Aspuioceras 2, 
Stephanoceras 5, Perispkinctes 7). Four of these A.m, {Aspidoceras) 
perarmatus.A. [Stephafioceras) mayay fisszis, and opisy are also found in the 
Dhosa oolite of the Chdri beds, whilst only one species, Beiemniies 
grantianiis \B* kantkotensis)^ is common to the Kantkot bed and the 
Katrol group in Cutch proper. Thus the Kantkot beds appear by their 
cephalopodous fauna allied more closely to the uppermost ChAri beds than 
to the Katrol group. Three species only of the Kantkot Cephalopoda 
are European, A. (Asp,) p€rart?zatus, A, (Per.) plicatilisy and A (Peri) 
martelliy and only one of these, the last, is limited to a single zone, that of 
A. (Pelt ) transver sarins (Upper Oxford) in Europe, the other two 
ranging lower. Several forms are, however, allied to upper oxfordian 
species. 

The Katrol group proper has yielded twenty-six species of Cephalopoda^ 
four Belemnites and twenty-two Ammonites (Phylloceras 2, Lytoceras i, 
Haploceras 2, Oppelia 4, besides an AptyckuSy Harpoceras i, Aspidoceras 
5, Perispkinctes 7). Only one of these species, BeL grantiannSy is found 
with certainty in any other group in Cutch. Four species are found in 
Europe, all belonging to the beds of the Kimmeridge group, with A. (Aspi\ 
acanthiczis.. By far the most characteristic and abundant of the Cepha- 
lopoday is a noii-canaliculate Belemnite, B. katrolensis. The commonest 
Ammonites Kte A. (Oppelia) kachhensisy A. (Per.) poliingeriy A. (Per.) 
katrolensis, and A. (Per.) torqnatus. 

Imperfect plant remains are common in the Katrol group, as they are 
in many of the lower beds of Cutch, but in one instance near the village of 
Narha, as has already been mentioned in the description of the Gondwdna 
system several remains of plants, whose relations have already been dis- 
cussed on a previous page ^ were found by Mr. Wynne, in shales inter- 
stratified with the Katrol beds and distinctly inferior in position to some 
of the marine bands of the group. 


UM!A GROUP. 
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The Umia group derives its name from a small village in western Cutch, 
rather more than fifty miles north-west of Bhuj. Taken as a whole, this 
group appears to equal in development all the other jurassicbeds togethetj 
being, according to Mr. Wynne's estimate, upwards of 3,000 feet thick. It 
is the equivalent of the upper Jurassic group of Mr. Wynne’s Memoir. As 
a rule, it consists of sandstones of various kinds, and more or less sandy 
shales. The sandstones are very often soft and white or pale brown, 
sometimes variegated, and very generally distinguished by thin bands of 
hard black or brown ferruginous grit. Occasionally the sandstones are 
variegated with pink, red, and brown, they are often very argillaceous and 
tend to decompose into a loose sandy soil, which covers and conceals the 
rocks over a great part of the country. In a few instances carbonaceous 
shale occurs, and in one locality a thin seam of bright jetty coal A few 
thin hard bands of sandstones are met with, some being so hard as to be 
almost a quartzite. There is a marked resemblance in the beds of this 
group to some of the upper Gondw^na strata of Central India : there are 
the same soft argillaceous sandstones and sandy shales and the same hard 
ferruginous gritty bands. 

Towards the base of the Umia group there is a thick band of calca- 
reous conglomerate, hard and grey, sometimes ferruginous, associated with 
sandstones and shales. In this conglomerate and in some associated beds 
marine fnssils are numerous. Throughout all the rest of the group plant 
remains are common, but they are not often sufficiently well preserved to 
be Identified. Marine fossils are very rare, but Trigonia smeeu the most 
typical fossil of the group, has been found in places, as near Vigor!, forty 
miles north-west of Bhuj, in beds near the top of the group and well above 
the horizon at which most of the plant fossils have been obtained. 

The beds of the Umia group are covered unconformably by the Deccan 
traps and by tertiary rocks, except in one place, where they underlie 
the upper neocomian (aptien) beds of Ukra hill in north-western Cutch.^ 

The surface occupied by the rocks of the Umia group corresponds in 
magnitude with the thickness of the formation, and embraces nearly, if not 
quite, half of the jurassic area in Cutch. In Cutch proper these beds ex- 
tend throughout the province from the western extremity near Lakhpat to 
the eastern end beyond Bachao, forming a great plain south of the irregu- 
lar range of hills along the edge of the Rann. They also extend round each 
end of the range, especially to the eastward, where the bottom Umia beds 
extend north of the hills about twenty miles along the edge of the Rann. 
The main belt of Umia beds is from eight to twelve miles across on an 
average. These rocks lap round the western end of the Chdrwir range, 
where the great east and west fault to which the range is due appears to 
die out, and they cover another plain, nearly fifty miles in length from east 
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to west and about eight miles broad, south of the Chirwar range. They 
also form the western portion of W^gad. 

The plant remains of the Umia group and their relations have already 
been described in the chapter relating to the Gondwana systenio It was 
there shown that twenty-seven species had been identified, of which ten 
are either common to the lower oolitic beds of Yorkshire or represented 
by very closely allied forms. Bearing in mind that the plant beds overlie 
the portion of the group which has furnished Cephalopoday it is remarkable 
to find that the latter exhibit a very decided upper oolitic facies. They 
are eleven in number,^ 


Belemnites gr anti anus (kafitkoiensis)* 
Belem7tHeSy 2 sp. indet. 

Am. {Hffploceras)t cf. iomephonis, 

A. [Aspidoceras) 

A, (Perisphinctes), cf. suprajurensis. 


A. {Perisphinctes) hleicheri^ 
A, (Per.) occiiUefitrcstiis^ 

A. (Per.) eiidichotomiis^ 

A. (Per.) fvequens. 

A. (Per.) demeplicatus* 


Of these eleven species^ one {Belemnites grantia7ius var, kantkoiensis) 
is found in lower beds in Cutch, and the two other forms of Belemnites 
are closely allied to the Katrol species B. claviger and B. katf olensis^ 
and may be identical. All the eight Afnmomtes are restricted in Cutch to 
the Umia group, and two of them (A. temepkems and A, eudichotomns) are 
tithonian species, found in the uppermost Jurassic beds of southern Europe, 
\vhilst A. bleicheri and A^ suprajurensis are found in the Portland strata 
of northern France, and A. occultefurcatus is barely distinguishable from 
another Portland species, A. [Perisphinctes) boidini^ The connection 
between the Cephalopoda of the Umia group and the forms found in the 
uppermost Jurassic beds of Europe is consequently very marked, and 
Dr, Waagen states that the same marked similarity exists between the 
la mellib ran dilate bivalves of the same beds in the two regions,^ 

The Cephalopoda are, however, rare and exceptional in the Umia group, 
and they form by no means so important a portion of the fauna as in the 
other groups. The commonest Umia fossils are two species of Trigonia 
{T. smeei and T. veniricosa)^ the latter being also found in the neocomian 
rocks of South Africa, whilst a very closely allied form (T. tubercidifera) 
occurs in cretaceous beds in Southern India, The occurrence of these 
Iftgonm in upper Gondwana strata near Rajamahendri has already 


^ Nine, according to Dr. Waagen (PalJndica, 
series ix, 225, 232), but he appears to have 
overlooked two iorms-^Belemnites kantkoiensis 
(^raniianus)^ stated at page 4 to have been 
found in Umia beds, and the specimens from 
the same group doubtfully referred to B. cla* 
mger on p. 7. These very trifling and unim- 
portant oversights are not noticed in order to 


call attention to a trivia! error, but because 
the relations of the Umia group are of consid- 
erable importance and have been disputed. 
In consequence of the great importance of this 
group, the evidence upon which its relations 
to the upper jurassic beds of Europe are based 
is. givers. In full. 

® PaL lndica^SQxies ix, 225, (1S75). 




iiis 




A. (PJaylloceras) disputabilis, Zittel. X J' 


(SLi^-phanoceras) macroc<-pbalas, ScW^th. X h 


. ■ ‘ peranaatus, Sow. 

I nk It ocai i?' ' '.IT AftftI 'LR 


A, (Periapbanctes) pottinfeeri, 



2 : 2 . 5 ' 


Obap, ' IS J: ■ ■ CORRESPONDENCE. WITH EUROPEAN' HORIZONS, 

most cliaracteristic beds being whitish or greyish sandstone^ very fine and 

been noticed. Other forms of eommoii 
occurrence in the Uinia group are 
species of allied to T» vau^ . 

davellata and gibbosay Astarte major^ 
a Gervillia^ a peculiar in- 

termediate in form between G. dila- 
tiiia and^'. G. vesicularisyGdmomfa^y^^A^ 
Some of these range into lower groups 
also. A portion of the jaw of a Ple- 
siosaurus^ also obtained from these 
beds, is said to be undistinguisliable 
from that of P. arcuaiiis^ Owen, from 
. Fig. ^i,.-Trigoma ■ventficosa, Kraurs, na- England. ^ 

tural size. o 

Owing to the circumstance that, with the exception of the Cephalo- 
/><)</«, the large collections of fossils made in Cntch by Messrs Wynne, 
Fedden, and Stoliczka have not hitherto been examined and compared, the 
distribution of many of the most characteristic species has not been defi- 
nitely ascertained. Amongst the forms which are most abundantly pre- 
served in the lower groups of the Cutch Jurassic series are species of Pleu- 
rotofncivict, Pholadoinyd gynnosa, Ph. angulctta, Ph. inornata, Corbulci 
lyrata, C. pectlnata, Nucula cuneijor^nis, Cucullma iiirgaia, Trigonia 
costata z-wdi Ostrea marshii. 

On the next page is given a table which shows the general result of 
Dr. Waagen’s examination of the Jurassic Cephalopoda found in Cutch. 
The ' correspondence, not only with the European Jurassic rocks as a 
whole, but with the different groups into which they are divided, is re- 
markable, and greater than is known in any other Indian foimations, the 
only othe'r series of Indian rocks of which the fauna has been sufficiently 
examined to Justify the comparison, the cretaceous series of Southern 
India, showing much less close agreement in the distribution of the fauna, 
and especially of the Cephalopoda, vi\t\\ the corresponding groups in Europe. 
The oniy remarkable instance in which the Cephalopoda of the Cutcli juras- 
sics differ from their representatives in the Jurassic rocks of Europe, is in 
the prevalence in the Indian area of the macrocephali at a higher horizon 
than in Europe. In Cutch they abound in the Dhosa oolite and Kantkot 
sandstone, the other Cephalopoda of which are of Oxford, and in the 
latter case of upper Oxford types, whilst in Europe they are not known 
above the base of the Kellovvay group. As will, however, be shown in 
the next chapter, some of the cretaceous forms of Ammonites found in 
Southern India show a remarkable resemblance to the Jurassic forms of 
^ Lydekkeir, Kecor^Sy XXII, S^f 
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'm.ffcr^ceplmlryand iii- tiiis instance they are associated with species, allied 
to. Ammoniies chB.TSLcttnstic o(' even older European deposits. ; : 


Name of group. Name of subdivision. 

Total immher of 
Cephalopoda, 

Species peculiar 
to iiroup. 

Species ranging 
into higher hells 1 

Species ranging 
into lower hedfi. 

■ 

.sj M 

0 iS 

c.l, 

£ S, 
Si. 
u 

Re-maeks, 

Umi.\ . 

, Marine beds 

ll 

9 2 

4 

Two of the European species 



■ 



occur in Portland he<ls or 






northern France and two in 


■ 




Tithonian beds of southern 






Europe. 


f Kafrol beds proper . 

27 

26 I I 

4 

All the four European species 






beloj sf to the zone of Am» 

Katrol 

■]\ 




aca ntiiicus ( Kimmeridge). 


( Kantkot beds 

19 

14 1 4 

3 



/ Dhosa Oolite 

34 

27 4 ’ 3 

8 1 

Seven characteristic of the 


1 {Terebratuta sella 




zoiiC of A. transvei sanius 


\ beds). 



I 

(Lower Oxford) of Europe, 

ChAri 

• < AthUta beds • 

20 

13 2 5 

g 

Six characteristic of the zone 


] 




of A, athleia in Europe. 


f Anceps bed.s, with 1 

' 27 

21 6 ... 

7 

Five of the seven species found 


V Te7\ liplicata | 




also in Europe are peculiar 


1 




to the beds with A. anceps. 


Macrocephalus beds. ! 

i 

"3* 1 

■ i 

2'- ... 3 I 

f 

16 i 

Fon* teen of the sixteen exclu- 



; :| 



sively found in beds with A. 



' : i 


!■ ■. 1 
i ' ■ 1 

macntcephalHS in Europe. 


Upper'';. ..-j 

; 8 'I 

,5 3 -j 

\iot 2\ 


PaTCHAM 







t Lower . 

... ■: 

'T'V: 




The occurrence of Jurassic rocks in the desert tract to the north of the 
Rann of Cutcb has been known for many years. A few species were obtained 
from the country immediately north of the Rann by Sir H. Pottinger, but 
the only tracts which have yet been explored by a geologist lie further 
northj near Bdlmer, in Jaisalmer and in Bikaner, Five distinct groups of 
rocks have been recognised and named as follows ; — 

5. Aburbeds. 

4. Parihar sandstones. 

3 * Bedesar group* 

2. Jaisalmer limestones. 

The Bilmer rocks consist of sandstones, grits, and conglomerates, the 
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compact, and a^still finer rock approaching a compact shale, white, but 
veined and blotched with purple. These beds must attain a considerable 
thickness, but only the lowest are well exposed, the upper strata bein<. 
probably softer. The lower members of the group are well seen at Bdlme'^r 
Itself, where they rest upon the Malani volcanic rocks, and in some hills 
near Naosir, about thirty miles farther east. Fragmentary plant remains 
are common, but nothing sufficiently well preserved for determination has 
been found, and no remains of animals have been detected in the beds. 

East and south-east of Jaisalmer, beneath the marine jurassic beds of 
the next group, a considerable thickness of white, grey, and brown sand 
stones IS exposed, interstratified with numerous bands of hard black and 
brown ferruginous sandstone and grit. Towards the base are some soft 
argillaceous sandstones, streaked and blotched with purple, and closelv 
resembling the Bdlmer beds, except that they are less hard. These 
rocks probably belong ^ to the BAlmer group. They have a litholocrical 
resemblance to the Uinia group of Cutch and to some of the Gondwdna 
beds of the Central Provinces. The only fossils found, except fragments 
of leaves, were some pieces of dicotyledonous fossil wood, 


The sandstones and limestones of the Jaisalmer group rest upon the beds 
last described, and consist of thick bands of compact buff and light brown 
limestone interstratified with grey, brown, and blackish sandstone, with some 
conglomerate. The limestone forms conspicuous scarps close to the town 
of Jaisalmer, and it is highly fossiliferous, containing amongst other species 
Terebratula biphcata,T. intermedia, Pkoladomya granosa, Corbula lyrata, 
C. pectinata, Trigonia costata, Nucula cuneiformis, Pecten lens, and 
Nautilus himagimensis. Ammonites {Stephanoceras) Jissus has ’been 
obtained from the neighbourhood, but very possibly from a different horizon 
for in Cutch it belongs to the Dhosa oolite and the Kantkot sandstone 
(both Oxford), whilst Nautilus kumagunensis is only found at a lower 
horizon in the beds with Am. macrocephaius at the base of the Chdri group. 
Terebratula biplicata in Cutch is chiefly characteristic of a rather Wgher 
horizon than that of the macrocephaius beds. There can, however be but 
little hesitation in referring the Jaisalmer limestones to the age of the Chari 
group. 

The Jaisalmer limestones are overlaid by a group of purplish and red- 
dish sandstones, with thin layers of black vitreous ferruginous sandstone. 
Some beds of a red calcareous sandstone contain fossils which have not 
been determined. Some of them closely resemble forms from the Katrol 
group of Cutch. These sandstones have been distinguished as the Bedesar 
group 1 and are overlaid by the Parihar group of soft, white felspathic 
sandstones, which weather into a clean sugary sand, largely composed of 
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subangular fragments of transparent quartz. The upper roost beds of the 
jurassiGS are sandstones, shales and limestones^ among which there is one 
very conspicoous fos-siliferous band, known locally as Abu r, a name which 
has been applied to the village where it is quarried, and fornierly referred to 
in the Survey publications as the aminonite bed of Kucbri.^ It is a thin bed 
of buff coloured limestone, weathering red, and abounding in yellow colour- 
ed ammonites of three or four species. None can be safely identified with 
any Cutch species, though one form is very near A: {Stephanoceras) opis^ 
which is common lo the Dliosa oolite and Kantkot sandstone of Cutch. 


Jurassic beds are again found in the western half of the Salt 
range and in its trans-Indus continuation, where the lower beds 
rest upon the triassic rocks, and consist of sandstones of varying colour, 
succeeded in ascending order by limestones, clays, and soft white sand- 
stones, then come bands of haematite, several feet in thickness, and 
thinner layers of golden oolite, precisely similar to the rock of Cutch, 
the upper portion of the group consisting of coarse brown sandstones, 
yellow marls, white sandstone and hard grey limestone bands. The 
sandstones are often conglomeratic and the limestones are most largely 
developed to the rvestward. Small layers and patches of bright jetty 
coal occur in places towards the base of the group and west of the Indus 
near Kdlabagh, but there is nothing like a seam of coal. The patches of 
coal appear to be merely carbonised fragments of drift wood. 

The Salt range jurassic beds are not found east of the neighbourhood 
of Naushahra. They begin to appear a little further w-est than the triassic 
ceratite strata and, increasing much in thickness, continue to the Indus. 
West of that river the same rocks re-appear in the Maidani (Chichdli) 
hills, where they are well developed and more fossiliferous than in the Salt 
range. They are w^ell seen in the Chich^Ii pass, and extend round the curve 
of the range further to the southward than the Productus limestone 
does, disappearing beneath the tertiary rocks about six miles south of 
Mulakhel,® but are again found in the Shaikh Budin hills. 

Until the fossils of the Sait range jurassic beds are examined in detail, 
it is not possible to say exactly what members of the jurassic series are 
represented. Dr. Waagen has shown that there is a close connection 
between the Salt range oolitic beds and those of Cutch, ^ but that the Spiti 
shales of the Himalayas contain a very different fauna. The Kelloway 
portion of the Ch^ri beds is distinctly represented in the Punjab, and some 
of the higher jurassic groups also. Cephalopoda are scarce, except west 
of the Indus, where Ammonites and Belemnites occur rather more 

^ W, T. Blanford, X, i6, (1877), , , [ (1853).: , 

^ Fleming, Jour. As. Soc^ Beug.^ XXH, 278, j » paL Indicay sefries is, 236, (1875). 
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abundantly, especially ill the fine section of Jurassic beds exposed in the 
Chichdli pass. 


The Jurassic rocks of the Himalayas have long been known by their 
fossils, which had acquired a sacred character and become objects of com- 
merce. They are represented in the central Himilayas by a series of 
dark grey and black shales, known as the Spiti^ shales, whch contain 
numerous calcareous concretions, a large proportion of which are formed 
round fossils. The thickness of these shales is about 300 feet, and their 
original extension has been very much restricted by the great denudation 
they have undergone. 

. The Spiti shales are said to lie conformably on the underlying lime- 
stones, which were regarded by Dr. Stoliczka as lias, and the presence of 
passage beds, in the shape of a small thickness of clayey slates, is indicated. 
In view of the probability that the beds regarded as lias are in reality 
uppermost trias, and of the abrupt change of lithological character which 
takes place at the base of the Spiti shales everywhere except in Spiti, it 
seems more natural to suppose that there is an unconformity which has not 
yet been recognised. 

The Spiti shales are overlaid by about 600 feet of a light yellow silicious 
sandstone, known as the Giumal sandstone, which was regarded by 
Dr. Stoliczka^ as upper Jurassic in age, but has more recently been classed 
as neocomian.^ 


Jurassic rocks are known to occur north of Nepdl, characteristic fossils 
having been brought from that direction by traders, and the Spiti shales have 
been recognised to the north of the Karakoram range in one direction, and 
in Hazdra in the other. In Hazira they are perfectly typical and are recog- 
nisable both lithologically and palseontologically. In the Sirban mountain 
they rest unconformably on a surface of triassic limestones, eroded and 
pierced by boring molluscs. They are conformably succeeded by sandy and 
calcareous beds, abruptly overlaid, but with no observed unconformity, by 
a sandstone containing a lower cretaceous fauna. 

Further south the Spiti shales have not been recognised wdth certainty, 
but in the Suldiman range some black shales, overlaid by sandstones, are 
found below the cretaceous limestone of the Takht-i-SuIiimdn^ and a similar 
section is said to be observable in the eastern termination of the Safed 
Koh,^ but the identification lacks the support of fossil evidence. In the 
southern part of the Hazdra district Jurassic rocks are represented by a 


' F. Stoliczlcn, Memoirs, V, 85, (1865). 

“ Memoirs, V, I tj, (l86s). 

« C. L. Griesbach, Memoirs, XXIII, Bo, 


(1891). 

< feczrfs, XVII, 184, (1884), 
5 XXV.Si, (I8p2), 
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baisdj^ composed almost entirely of Trigonia ventricQsa\, associated with 
\diyers contB.ming Ammon{ieSj Gryphaea and whose age relative 

to the Spiti shales is undetermined. 

This will be the most convenient place to mention certain fossiliferous 
beds, underlying the nummulitics of the outliers in south-western Garhwdl, 
whose chief interest lies in the fact that they contain the only pretertiary 
organic remains that have been recognised in the outer Himalayas south of 
the main snowy range. They were originally discovered by Mr. Med* 
licott^ in the Tal valley immediately east of the Ganges and have conse- 
quently been frequently referred to as the Tal beds. 

They are described by Mr. Middlemiss as grits or quartzites, frequently 
calcareous and passing into limestone in places. The fossils are mostly 
fragmentary, but among them he considered that corals, belemnites 
lamellibranchs and gasteropods were represented, the whole indicating a 
probably jurassic age. Subsequent critical examination, however, failed to 
discover any specimens determinable with sufficient accuracy to indicate 
the age of the rocks. Judging from their stratigraphical position they are 
probably mesozoic, but beyond this nothing can be decided. 

1 A. B. Wynne, Records, XII, 125, (1879). j ® Records, XVII, 161, (1884) ; XVIil, 73 * 

^ MemoirSi III, pt. ii, 69, (1804). * (18S5), 



CHAPTER X. 


MARINE CRETACEOUS ROCKS OF THE INDIAN PENINSULA. 

Cretaceous rocks of Southern India — Relations to cretaceous rocks of Assam and South 
Africa — Cretaceous rocks of the lower Narbada valley — Relations to cretaceous of Europe — 
Contrast to cretaceous of Southern^ India— -An Indo- African land connection — Doubtfully 
cretaceous sandstones of the Narbadd valley and of Kathiawar. 

The occurrence of cretaceous rocks in Southern India was first ob- 
served in 1840 by Mr. Kaye of the Madras Civil Service, who, in company 
with Mr. Brooke Cunliffe and others, collected a large series of fossils, 
which were examined by Professor E. Forbes, The rocks near Pondi- 
cherri had, however, some years before attracted the notice of Mens. E. 
Chevalier, but no account of them was published until after the appearance 
of Mr. Kaye^s description. A collection of fossils from the neighbour- 
hood of Pondicherri was examined by A. D^'Orbigny, and referred to an 
upper cretaceous age. Forbes, on the other hand, referred the beds of 
Trichinopoli and Viruddh^chalam to the age of the upper greensand or 
gault, and the Pondicherri beds to the neocomian. It was shown by Mr. H. 
F. Blanford that beds of two ages exist near Pondicherri, and he, follow- 
ing Professor Forbes, considered the lower of these or Valudayur beds 
neocomian and older than any of the Trichinopoli rocks, but the thorough 
examination of all the Southern Indian fossils by Dr. Stoliezka has proved 
that the general homotaxis is middle and upper cretaceous, and that the 
neocomian and oolitic forms, which led to a portion of the beds being 
originally classed as lower cretaceous, are less numerous than the middle 
cretaceous species with which they are associated. It was also found 
that the fauna of the Valudayur beds had more species than was at first 
supposed in common with the low'est group of the Trichinopoli area, and 
the two were consequently considered identical. The Cephalopoda of the 
lower beds comprise several species found in the gault of Europe, and the 
number w-as at first supposed to be larger than it proved on subsequent 
closer investigation, but as there are scarcely any representatives of gault 
forms amongst the very numerous and beautifully preserved Gasteropoda 
and Lamellibriinchiaia {Pelecypodd)^ the whole of the Southern Indian 
beds were finally referred by Dr. Stoliezka to an age not older than the 
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upper greensand of England (cenomanian), and ranging thence to the 
upper chalk ' (seiioiiian) . , 

The rocks of cretaceous age in Southern Indla^ occupy, \¥ith relation 
to older and newer formations, a very similar position to that of the out- 
crops of upper Gondwdna beds farther to the northward. The cretaceous 
beds occur in the great plain which extends along the Coromaiidel coast 
from the north of the Godavari to Cape Comorin. They rest to the 
west upon the gneiss, or occasionally upon small patches of the upper 
Goiidwana (Rajinahil) beds, they have a low dip to the eastward, 
and are covered up on the east by pleistocene beds, known as Cuddalore 
sandstones, and b) the alluvium of the sea coast. The cretaceous beds are 
exposed at the surface in three detached areas, separated from each other 
by the alluvial deposits of the Penner and Vellar rivers. The southern 
and largest of these areas, between the Vellar and Coleroon rivers, is in 
the Trichinopoli district, and known as the Trichinopoli area. North 
of Vellar ar two much smaller exposures near Viruddhicbalaiii and Pon- 
dicherri respectively, and named from those towns. 

The Trichinopoli area extends about twenty-five miles from north to 
south, and for about the same breadth where widest, but it is very irregular 
in form. South of the Coleroon (the principal outlet of the river Cauvery) 
no cretaceous beds have been traced, and the southern boundary of the 
cretaceous area north of the Coleroon is chiefly formed by gneiss. To the 
northward the cretaceous rocks disappear beneath the alluvium of the Vellar 
river and re-appear north of the river at Viniddhdclialam forming the 
Viruddhachalam area, in which only the highest cretaceous group is ex- 
posed, and even this is only visible at very few points. It occupies a tract 
of country about fifteen miles long from north-north-east to south-south- 
west by about five broad, with gneiss to the west and tertiary Cuddalore 
sandstone to the east. There is a second break in the rocks at the Penner 


river, and alluvium extends to the neighbourhood of Pondicherri, causing 
an interval of about twenty-five miles in the belt of cretaceous rocks before 
they re-appear near Valudayur, ten miles west by north from Pondicherri. 
Here they occupy a small tract of country about twelve miles long from 
north-east to south-west, by six miles broad, and only separated from the 
sea on the east by a band of Cuddalore sandstones two to four miles wide. 
To the west is a narrower strip of Cuddalore sandstone, beyond which the 
country consists of gneiss. 


^ For a complete description of the geology 
by Mr. H. F. Blanford, sed Mefnoirs^ IV, ppi, 
1-217, (1862). The fossils are described and 
figured in four volumes, comprising Series 
i, 111, V, vi, and viii, (1861-73) the 


logia Indica^* all by Dr. F. Stolic^ka, wHH Xil, 359, (1879). 


the exception of the Belcmniies and NauHlij 
which are by Mr. H. F. Blanford. Some addi- 
tional notes on the Cephalopoda are published 
in the Records^ I, 32, (1868), and on the fossils 
; generally, by Mr. R. ,B. Foote, in Records, 
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In all three areas there appears to be a low dip to the edst, the lowest 
beds appearing at the western boundary and higher groups succeeding in 
Tegular order to . the ' eastward. M dips seen in the rocks are, 

however, tieceptive, being due to obliqtie lamination or false bedding, %vhicli 
prevails extensively thfoughout the series and especially in the southern 
f)ortioo of the Trichinopoli area. In the Viruddhichalam and Pondicherri 
areas the rocks are ill seen, and the dips are less distinct, but there 
appears every probability that the same low dip prevails in the Pondicherri 
or Valudayiir area ; the direction is, however, south-east rather than east. 

The series is divided into three groups named, in descending order 
Ariyalur, Trichioopoli, and Utatur. The following table taken from the 
Palaeontologia Indica , exhibits Dr. StoliCKka^s final views as to the 
representation by these groups of the European cretaceous subdivisions : 


Soutn l 3 idia. 

Etigland. 

France. 

Germany. 

Zone of NauiiUis danictts and 
A A r /r p / Amiuonites ooiacodensis, Ostr-ea 

^GiTo t ^ \ pcciinata, and 0 , m.gtdata, Gtjf- 
^ ^ ’ J p/i'cna •Dcsiadaris, inoiperamtts 

\ tripsii, Crania ignahergmisis. 

Upper chalk 

Seiionian . 

Ober Quader . 

^ Zone of Ammonii'es peramplns, Phch 
T R I c H I N 0 - ) la do luya ca tt da ia. Mod iola i Sa, 

i'OLi Group. 1 Ostr^a diiumuna^ Rhjpn^omlla 
(. conipT^ssa. 

Lower chalk 

Turonian . 

Mitiel Qua- 

( Zone of Ammomies rosiraius and 
G '' ' R ' lolovwgensis, Inoceramus labia- 

r ^ K tzis^Exogyrasuborbictihia iGf'jf'- 

UROUP. j columba), aud Tore brat til a 

\ depress a. 

Chalk marl 
aiid,',''tipper':" 
greensand. 

Cenomanian 
or Tourtia, 

Unter Quade 
Unterer Qua- 
de r sand stein, 
and Unterer 
Planer. 


The Utatur group derives its name from a large village twenty miles 
north-north-east of I'richinopoli. The beds composing the group are chiefly 
argillaceous ; fine silts, calcareous shales, and sandy clays, frequently con- 
cretionary and more or less tinted with ochreous matter, prevail through- 
out the group, and in the southern portion of the area constitute almost 
the entire bulk of the deposit North of the parallel of Utatur, limestone 
bands become intercalated in the lower or western part of the group and 
sands, grits, and conglomerates in, the upper or eastern part, these changes 
in mineral character being accompanied by a great enrichment of the 

I PaL Indica, series viii, IV, Introduction, j ot misprints, the proof of the original was pro* 
p. ii, (1873). As there are seyerai slight errors, i babiy, not corrected by Dr. Stoliczka. 
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fauna in the first case and an impoverishment in the latter. Conglomerates 
are of very rare occurrence in the lower beds. Gypsum occurs in most of 
the argillaceous strata, and is to a certain extent characteristic of the 
group. The dips are often irregular, and apparently due to the original 
deposition of the beds on shelving banks. This irregularity of dip renders 
it impossible to form any trustworthy estimate of the thickness attained by 
the group as a whole ; it may, however, be roughly estimcited as probably 
not less than i,ooo feet. 

At the base of the Utatur group there are, in several places, large 
masses of coral reef limestone, resting sometimes on the upper Gondw^na 
plant beds, more frequently on the gneiss, and occasionally on the lowest 
beds of the Utatur group itself. The rock is a nearly pure pale coloured 
limestone, compact and homogeneous, but often with a flaggy structure, 
and frequently irregularly banded with white streaks, which, on weathered 
surfaces, exhibit the corals of wTich they are composed. The mass of the 
rock also sometimes abounds in corals, but more frequently no organic 
structure can be traced. In lithological character this rock precisely 
resembles the coral reef limestone of the present day, as described by 
Darwdn, Dana, Jukes, and other observers. 

The usual position of this limestone is at the base of the Utatur 
group, resting upon older rocks. The coral reefs appear to have been 
frequently exposed to denudation during the deposition of the later 
Utatur beds, amongst which, in places, calcareous bands are found, ap- 
parently derived from the waste of the reefs. The coral limestone now 
remains in the form of small isolated patches, scattered along the 
western and southern margins of the cretaceous beds. In one locality, 
however, close to the village of Caligudi, on the southern boundary 
of the cretaceous area and twenty miles north-east of Trichinopoli, by far 
the largest outcrop of the limestone in the area occurs at the base of 
the Trichinopoli group. This outcrop is of considerable breadth, and 
extends, with one or two breaks, for about six miles. From an examina- 
tion of all the circumstances, however, it has been satisfactorily ascer- 
tained that tins outcrop also belongs to the Utatur group, and that the 
Trichinopoli group rests unconformabiy uoon it. 

The coral reefs appear to have been scattered over the sea bottom in 
shallow water, and probably along the coast, at the commencement of 
the period during which the cretaceous deposits of Southern India were 
formed. The remaining beds of the Utatur group were probably 
deposited in water of moderate depth, and some of them appear to 
have accumulated on submarine banks, possibly formed in tidal channels. 
Hence the false bedding so prevalent in the rocks. The coarser con- 
stituents of the rocks to the northward appear to indicate that the 
current which brought the sediment flowed from that direction, and the 
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occuiTence of littoral forms of mollusca in greater abundance throughout 
the northern parts of the area may be accounted for in the same manner. 
The beds in the southern portion of the Utatilr area appear to have been 
formed of fine silt, deposited in a bay where the force of the current was 
less than to the northward, and the fossils which occur are mostly the 
remains of pelagic animals, such Belemnites^ a few Ammonites^ 
chiefiy of Cristati group, or else peculiar forms of Vermr^iidse 
ostiiim disco ide urn callosum) y proi)ably lived in the mud. 

The Ammonites and Nautili^ AsiACicAx are numerous to the northward, are 
scarce in the southern portion of the area. Cycadeaceous fossil wood, 
sometimes bored by Teredo and other Pholadida.\ abounds in certain 
parts of the group. On the whole, there appears every reason to believe 
that the Utatur beds were formed in the neighbourhood of a coast line. 

The distribution of the Utatur beds in the Trichinopoli district is very 
simple. They form the western portion of the cretaceous area through- 
out, their outcrop being in general from three to five miles broad, except 
to the northward, where it diminishes in consequence of the beds being 
overlapped by those of the next group, till, at the village of Olapddi in 
the northern portion of the tract, the breadth of the Utatur outcrop does 
not exceed half a mile. At the extreme northern point of the area, both 
the Utatur and Trichinopoli groups are completely overlapped by the 
uppermost subdivision. 

The Utatur beds are not represented in the Virucldhdchalam area, but 
they re-appear, as already mentioned, near Pondicherri. Here the beds 
formerly classed as the Valudayur group, and considered neocomian by 
Forbes, but which were shown by Stoliczka to contain several species of 
fossils common to the Utatur group, consist chiefly, like the strata near 
Utatur, of argillaceous beds, sandy shales, and sands, with occasional bands 
of limestone and calcareous concretionary nodules. Conglomerates occasion- 
ally occur amongst the lowest beds seen, but the most characteristic band 
is composed of dark grey, compact limestone in large nodules, sometimes 
highly fossiliferous, Baculites vagina being the commonest fossil. 

The area occupied by the Utatur or Valudayur beds near Pondicherri 
extends from Valudayur for about nine miles to the north-east and is 
about four miles broad. The beds are not seen to rest upon any older 
formation. The country north and south is covered with alluvium. To the 
eastward the Utatur beds disappear beneath the Ariyalur group, and to 
the westward beneath the Cuddalore sandstones of I'iruvakarai ('Frivicary). 
The beds to the westward appear to be the lowest, and there is a dip to 
the eastward. 

The fauna of the Utatur group is very rich, no less than 297 species of 
Invertebrata having been described from it. it has yielded an especially 
large number of Cephalopoda:^. 109 species, 95 of which have not been met 
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With ill the Tridiinopoli or Ariyaldr group. Of these 109 species, 27 are 
known to occur ill Europe, or elsewhere out of India, and although the 
majority are distinctly and characteristically middle cretaceous forms, three 
are, in Eufope, iieocomian species, viz. Nautilus neoComiensis^ A?nmoniies 
velledse^ and A, rouj^anus^ no less than nine are found in the gault, 

several of the latter tanging, however, into the upper greensand (ceiio- 
maniaii). Amongst the forms which are not European, the most remark- 
able are three species belonging to the section of Ammonites known as 
which, amongst European rocks, are especially characteristic of 
the triassic period. A very large proportion of the Cephalopoda were 
collected in the neighhourhood of two villages, Odiam and Alaravatur, on 
the road from Perambaldr to Acialdr, and about twelve miles north-east 
.of Utatdr. 

The Gasteropoda comprise only 43 species, a number far in- 
ferior to that found in each of the other groups, and the majority of 
these are littoral forms. The LamelHbfanchiata {Pelecypoda) are 79 
til number, the Brachiopoda % Echinoderniata 10, and Corals 42, with one 
species of sponge and one annelid. The forms found also in other coun- 
tries belong almost without exception to the upper greensand (ceiiomanian) 
or higher groups, thus presenting a remarkable difference from the Cepha^ 
lopoday in which gault forms are so largely represented. The only fossils 
of much importance, besides the MolluscUy are the corals, which, from the 
prevalence of reefs at the base of the group, are superbly represented, no 
less than 42 species, belonging to 23 genera, being known to occur. 

The Trichinopoli, or middle group, of the Southern Indian cretaceous 
series derives its name from the district of Trichinopoli, to which it is, so 
far as present exploration extends, entirely restricted. To the south it 
consists chiefly of sands and clays, very irregularly bedded, with a few 
bands of limestone and some conglomerates, and it differs lithologically 
only in one important respect, which will be descrioed presently, from the 
Utatdr group. North of the parallel of Utatdr regular bands of shell 
limestones become intercalated in the lower beds of the deposit and, to 
the northward, the whole group is composed of regularly stratified alterna- 
tions of sand, sandy clays, and shales, with bands of shell limestone, 
calcareous grit and conglomerate, 

A peculiarity by which both the Ariyalur and Trichinopoli beds in 
the southern part of the cretaceous area are distinguished from the 
Utatdr is the occurrence of granite pebbles in considerable quantity 
in the gravels and conglomerates of the two former, whilst none are 
found in the lower subdivision. In the Utatdr group the materials of 
the few conglomeratic or gravelly beds which occur are derived either 
from the gneiss or from the coral reef limestone, whilst in the two 
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upper groups conglomerates are more frequently met with, and loose 
masses of unstratitied giavel and beds of rolled pebbles, almost entirely 
composed of granitic materials and resembling the shingle of a sea 
beach, are of common occurrence. The source of the granite pebbles 
was evidently the broad belt of granitic rocks which forms the southern 
boundary of the cretaceous area, dividing it from the alluvium of the Cauvery 
throughout the greater portion of its extent, and the necessary inference 
is, that this band of rock was in ail probability beneath the sea during the 
deposition of the Utatiir beds, and that it was elevated above the water 
in the interval between the Utatur and Trichinopoli ages. 

The Trichinopoli beds are, even more characteristically than the 
Utaturs, the littoral deposits of a shallow sea. This is proved, not only 
by the frequent occurrence of coarse sediment and the great irregularity of 
the deposits in part of the area, but by the abundance of fossil wood, almost 
exclusively exogenous and apparently cycadeaceous. Trunks of trees 
are met with of great size, as much as three feet in diameter and sixty 
feet in length, much of the wood being perforated by boring mollusca. 

The shell limestone of Garudamangalam, east of Utatur, and other 
places is a very fine, hard, bluish grey, translucent rock, usually abounding 
in beautifully preserved shells, both Gasteropoda and Lamellibranckiata^ 
which retain their original polish, and occasionally even the colouration of 
their surfaces. This rock, known as Trichinopoli marble, is largely 
quarried for ornamental purposes, and has yielded a considerable propor- 
tion of the fossils found in the group. The limestone occasionally contains 
pebbles of granite or fragments of fossil wood, either of which is sufficient 
to distinguish it, even when it is unfossiliferous, from the Utatur lime- 
stones. 

The beds of the Trichinopoli group are unconformable to the Utaturs, 
upon which they rest throughout the greater part of the area, the evidence 
of unconformity not being confined to overlap, but depending chiefly upon 
the proof afforded, by the rocks at the southern edge of the area, that the 
Utatur beds had been disturbed and faulted, probably at the period of 
upheaval of the granitic band already mentioned, before the deposition of 
the Trichinopoli formation. Elsewhere also, the Trichinopoli beds rest 
in places upon a denuded surface of Utaturs. There is also a great 
change in the fauna. In the southern portion of their range the Trichino- 
poli beds rest partly upon the coral reefs, which have been already shown 
to be some of the lowest beds of Utatur age, and partly on the metamor* 
phics, a considerable portion of the boundary being formed by the 
granitoid rocks so frequently mentioned already. 

The present group, like the Utatur, is so irregularly bedded, and the 
dips seen are so frequently those, of origi deposition, that no trust- 
worthy estimate of the thickness can be formed. , The general inclination 
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is to the eastward, the average breadth of the outcrop is nearly the same 
as that of the Utatur beds, aiid th same minimum thickness, T/Zsf. i,ooo 
feet, may be assumed ; the general dip of the bedding in the more regular- 
ly stratified portion of the group to the northward is, however, lower 
than in the underlying group, averaging about 6^. The beds thin out 
greatly to the northward, and are at length completely overlapped by the 
Ariyalurs. 

It has already been stated that the Tricbinopoli group is confined, so 
far as is at present known, to the Tricbinopoli area. Within that area it 
forms a belt east of that formed by the Utatur group, and extending 
similarly from south-south-west to north-north-east. The Tricbinopoli 
outcrop is, however, broader in the southern half of the area, where it is 
about four miles across, than in the northern half, wdiere it is in no place 
more than two miles wide. It thins out and disappears completely about 
two miles south of the place where the Utaturs are similarly overlapped 
by the Ariyalur beds. Along the southern boundary of the Utatur area, 
several outliers of Trichinopoli beds are found, resting partly on the Utaturs 
and partly on the gneiss, and occasionally overlying the faulted boundary 
between the two formations. These small outliers, one of which, south of 
Tirupatur, forms the south-western corner of the whole area, are composed 
of coarse sands and conglomerates, usually unfossiliferoos, but occasionally 
containing Chemnitsia itndosa and other characteristic Trichinopoli fossils, 
and the materials of which they are formed are derived chiefly from the 


inetamorphic rocks, but partly from the denudation of the Utatur beds. 

The fauna of the Trichinopoli group, although not quite so rich as 
that of the Utatur beds, affords a full illustration of the life existing at the 
period, 186 species of Invertebrata having been described from these 
beds by Dr, Stoliczka. The Cephalopoda are comparatively poorly 
developed, only 23 species having been detected, and of these but 10, of 
which four are European, are in India peculiar to the group. All the 
Cephalopoda Identified belong to the two genera Nautilus and 
nztesy the non-discoid Arnmonitoid genera, such as Anisoceras, Scaphiies^ 
Turrilites^ etc., so largely represented in the Utatur group, as well as the 
Belemnites^ so abundant in the lower subdivision, being apparently want- 
ing in the Trichinopoli beds. Rotomagenses Ammonites, so charac- 

teristic of the lowest cretaceous subdivision in Southern India, are also 
wanting in the higher groups, with one doubtful exception. A few forms, 
usually associated with older strata, still survive, however, such as Afrimo^ 
fdtes menu^ belonging to the Armatz (a Jurassic group), . 4 . kohitur exists of 
the Macrocephalus group, allied to such oolitic species as A. viacrocephahts 
and A, kerveyi^ and A, theobaldmhuSf one ot the Plannlati allied to 
upper Jurassic forms, such as A^ Hplex. Most of the types found are, 
however, characteristically upper .crretacepus*;/ i ■ 
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On the other handj Gasteropoda, com^xismg 86 species, are much more 
abundant than in the Utatur group^ Lamellihramhiitta, comprising 66 
speciespbeing rather less numerous. There are but 5 Brachiopoda and 6 
corals, whilst no Echinodermata\xmthttri Xtmgm%tA, The Gasteropoda 
include several siphonostomate genera, rare in the older rocks, and not 
found in the Utatur beds, the number increasing greatly in the next higher 
subdivision, that of Ariyalur. The whole fauna exhibits a mixture of upper 
and middle cretaceous forms, and appears fairly to represent the lower 
chalk of England or the turonian of continental geologists. 


The name of the highest group of the Southern Indian cretaceous series 
is derived from the town of Ariyalur, -which is situated nearly in the middle 
of the comparatively large expanse of Ariyalur beds in the Trichinopoii 
district. The country occupied by the beds of this group is much covered 
with cotton soil, and sections are even rarer than in the two lower cre- 
taceous subdivisions. 

The Ariyalur beds are more sandy than the two lower groups and more 
uniformly bedded, the beds being thick and homogeneous, consisting 
principally of white unfossiliferous sands and grey argillaceous sands, with 
casts of small fossils. Beds of calcareous grit and nodular calcareous 
shales are found towards the base, and again in the upper portion of the 
group, constituting two higlily fossiliferous zones, separated by a con- 
siderable thickness of deposits, in which fossils are rare or wanting, 
although some interesting remains of a Megalosaurtis were found in one 
of the beds. A band of flints is associated with the uppermost beds. 
There is a marked difference between the fossils of the upper and lower 
zones in Trichinopoii, and it appears very probable that further examina- 
tion of the rocks, now that the fossils have been compared and determined, 
would justify the separation of this group into two — a probability 
which w^as pointed out by Mr. H, F. Blanford at the time of the original 
survey, although not shown on the map nor applied in the discrimination 
of the fossils, because of the doubts which remained as to the distinction 
of the tw^o subdivisions in the Pondicherri area, where the fossils of 
both upper and lower Ariyalur beds appear to occur together. Conglo- 
merates are of rare occurrence in the Ariyalur group, though a coarse 
bed is found in places near the base, and there is but little irregularity 
in the bedding, except close to the southern boundary. The constituents 
of the Ariyalur beds were derived chiefly from the metamorphic rocks, 
amongst others from the granitic band to the southward, but a portion 
of the sediment must have been furnished by the waste of some of the 
older cretaceous groups, probably the Utaturs. 

The above description of the lithological characters is principally 
taken from the beds near Arivalur, but it is also to a great extent 
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applicable to the rocks seen near Viruddhdchalam and Pondiciierri. 
In both localities the deposits are chiefly represented by sands or 

sandy clays, and by beds of arenaceous limestone or calcareGus sandstone 
at the base of the group. The strata appear to thin out to the northward, 
and it is far from clear whether the uppermost fossiliferous zone ex- 
tends in that direction^ although some of its characteristic fossilsj such 
Z.S Nauiiius danicusy occur abundantly near Pondicherri. It has not, 
however, been hitherto found practicable to determine whether a distinct 
upper zone exists near Pondicherri or whether representatives of the 
upper fauna occur in beds of lower horizon than those in which the same 
species are found near Ariyalur# 

There is consequently some obscurity concerning the relations of the 
beds belonging to the Ariyalur group amongst themselves, and this difficulty 
is complicated by the circumstance that there is in many places an ap- 
parent passage from the Trichioopoli group into the Ariyalur beds, the 
rocks being similar in mineral character near the junction, and the fossils 
being chiefly forms which appear to range from one group into the other. 
It is highly probable that further examination of the ground, which, as 
lias been already noticed, is so much concealed by superficial accumula- 
tions that the different groups can frequently only be traced by their fossils, 
would show either that the number of groups or of palaeontological zones 
must be increased, or else, in some cases, that fossils supposed to have been 
procured from the Trichinopoli group, have really been derived from ihe 
Ariyalur, and vice versa. 

The area occupied by the Ariyalur beds in the eastern portion of the 
Trichinopoli tract amounts to about 200 square miles, or more than that 
covered by both the other subdivisions together, the outcrop where broad- 
est, near Ariyalur, is about sixteen miles wide and extends for twenty-six 
miles from north to south. 

The Ariyalur beds also occupy the greater portion of a tract sixteen 
miles long by five miles broad near Viruddhdchalam, and another about 
twelve miles long from south-west to north-east, by two miles broad, west 
of Pondicherri, whilst a very small exposure of them occurs close to the 
coast ten miles north of Pondicherri, and another still smaller three miles 
farther north. 

The lowest fossiliferous zone is found resting upon the Trichinopoli 
beds, throughout the western portion of the Ariyalur area in the Trichinopoli 
district, and the same zone appears to be also represented in the Viriid- 
dhdchalam and Pondicherri exposures. The great bulk of the outcrop in 
all three tracts appears to consist of the thick sands, with but few deter- 
minable fossils, forming the middle portion of the formation, whilst the 
upper fossiliferous beds are only seen north of Ariyalur, near the villages of 
Sainihoray, Niniyur, and other places farther north, in the long strip of 
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cretaceous rocks which forms the north-eastern extremity of the Trichino- 
poll, area.:'.'/ 

Although the thickness of the Ariyalur group can be estimated with a 
nearer approach to probability than in the case of the two lower creta- 
ceous formations, the estimate is still far from accurate. The dip of the 
beds is very low, rarely exceeding two or three degrees, the general inch- 
nation being north-east, and the whole of the beds in all probability do not 
exceed 1,000 feet in Trichioopoli. Near Viriiddhdchalam they appear to 
be very thin, and in the neighbourhood of Pondicherri they are too obscurely 
exposed for any estimate of their thickness to be attempted. T]}ere is an 
apparent diminution of thickness to the northward, as in the other groups, 
but this attenuation appears to be greatest near Viruddhdchalani, and takes 
place less rapidly farther north, even if the beds are not thicker in that 
direction. 

The Ariyalur beds, as has been already stated, frequently appear to 
pass into the Trichinopoli group at their base. They overlap the lower 
groups however, both to the north and south, and theie is, in places, an 
appearance of unconformity where they rest upon the Trichinopoli beds, 
nor is it easy to understand the very rapid diminution in the thickness of 
the latter to the northward without supposing that they had been partially 
denuded in pre-Ariyalur times. 

As was noticed in the description of the Utatur group, the Ariyalur 
beds rest upon the Utaturs for a distance of rather more than two miles 
in the northern part of the Trichinopoli area, and still farther north the 
former were deposited directly on the gneiss. They also rest on the 
gneiss throughout the whole breadth of their outcrop in the south of the 
Trichioopoli area, and in the Viruddh^chalam cretaceous tract, whilst in 
the neighbourhood of Pondicherri they are deposited to the eastward on 
the Valudayur representatives of the Utatur group, and to the westward 
no beds are seen beneath them, the Cuddalore sandstones covering the 
boundary completely. Throughout the Trichinopoli and Viruddhiichalam 
areas the Ariyalur beds disappear to the eastward beneath the Cuddalore 
sandstones, which are unconformable to the cretaceous beds, and the latter 
are covered up by alluvial deposits, intervening between the three areas, 
in the valleys of the Vellar and Fenner rivers, and also to the north of 
the Pondicherri area. 

The Ariyalur beds appear to have been chiefly deposited in a tranquil 
sea of small depth, although the deposits are less characteristically lit- 
toral than those of the Trichinopoli group, and the evidence of the 
neighbourhood of land afforded by the occurrence of fossil wood is less 
abundant. 

The invertebrate fauna of the Ariyalur group exceeds in richness even 
that of the Utatur beds, no less than 365 species having been detected 
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ill the iipperniost subdivision of the cretaceous rocks of Southern India. 
The Cepkaiofioda compnsQ species, Gasteropoda 138, Lamellibran- 
chiata 117, Brachtopcda 12, Bryozoa 23, Echinoderniata 26. Anihozoa 
10, Foraminifera i, and Vermes 2. It is highly probable that this large 
number may be due partly to the circumstance that the Ariyalur deposits 
comprise two groups differing somewhat in age. The lower fossiliferous 
beds, from which the bulk of the fossils have been procured, correspond 
very fairly with the senonian beds of France and the upper chalk with 
flints of England. From this horizon all the Cephalopoda found in the 
formation have been derived, with the exception of Nautilus danicits^ 
which W'ES only observed in the upper beds of Niniyur, etc., in the Tri- 
chinopoli area, although some specimens were obtained, apparently from 
a lower horizon, near Pondicberri. The fauna of these upper beds will 
be noticed separately ; the following remarks apply to the remainder of 
the group. 

In the Ariyalur beds, as in the lower subdivisions, there are some forms 
of Cephalopoda which are in Europe characteristic of older beds. 
These comprise two gault species of Nautilus^ N. bouchardianus and 
N, clementinus^ Ammonites mena^ found also in the lower groups, and 
belonging to the jurassic section of armati^ A, velledse^ a lower and 
middle cretaceous form in Europe, two macrocephali^ A. deccanensis^ and 
A, arrialoorensis^ and one of the Planulati, A. theohaldianus. Very few 
older forms occur in the other classes of mollusca, and the great majority 
of the species common to Europe are found in the upper cretaceous beds 
of England, France, and Germany. 

The most striking peculiarity of the Ariyalur fauna is the great abun- 
dance of Gasteropoda^ and especially of the carnivorous prosobranchiate 
forms, which, as is well known, appear to replace the Cephalopoda of the 
older periods in tertiary and recent seas. Several genera not previous- 
ly known from cretaceous beds have been detected in the Ariyalur group, 
and the Cyprmidee and are especially well represented. The 

Lamellihranchiaia are also very numerous, whilst all the Bryozoa and 
the great majority of the Echinodermata hitherto found in the cretaceous 
beds of Southern India have been obtained from the highest subdivision. 
Lower forms of animals are but poorly represented. Amongst the Verte- 
b rata the only important species is a MegatosaurusP of which a tooth 
was found in the middle beds of the deposit, together with a number of 
bones, which, however, could not be extracted in a sufficiently perfect 
state for determination. The tooth closely resembles that of /!/. buck- 
landi^ found in the Stonesfield slate and Portland oolites of England, and 
the occurrence of this genus in the upper cretaceous beds of India is of 
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peculiar iiiterest, because it only ranges from the lias to the wealden 
in Europe. In this instance, as in several others, the land fauna appears 
to have differed more from that \\diich inhabited distant parts of the earth 
than the marine fauna did. 

The fauna of the uppermost Ariyaliir beds found at Niniyur and other 
places to the north-east of A riyalur, comprises very few species which are 
found ill the low'ei; portion of the group. Some of the fossils found most 
abundantly, such as Nautitus danims Orbitoides fiujast^ are charac- 
teristic of the uppermost cretaceous deposits of Maestrj^h, Aix la Chapelle, 
and the Danish Island of Rugen (Danieii of D'Orbigny). No other 
Cephalopod except N autilus danicus occurs in the Niniyur beds, ivhilstthe 
characteristically mesozoic genera Inoceramus, Radiolites^ Trigonia^ Tri- 
gonoarca, and Leptomariay which are abundantly represented in the lower 
portion of the Ariyalur group, are encirely wanting in the uppermost fossili- 
ferous zone, where the only important mesozoic genus is Nennasa, On the 
other hand, however, no typically tertiary forms make their appearance 
except carnivorous Gasteropoda, and these are not more numerous in 
proportion than in the lower zone, although some additional forms are 
represented. 


Besides the fo^isils characteristic of each group, there are a few species 
which are found throughout the whole series. The most important of these 
are Nauillus hiixleyanus^ Ammonites plamdatus (cenomanian, gault), 
Ampullina bulbiformis (turonian, senonianl, Cyrodes pansus^ Solariclla 
radiatula (senonian), Vola qidnqutcostnta (upper and middle cretaceous), 
Ammonites 7 nemi^ Forbes, is also supposed to be found in all three sub- 
divisions, although there is some doubt about the Utatur beds, and a rare 
Lucina^ L. {Myj'tea) arcotina^ has also been procured from all the groups. 
Some of these fossils, although found throughout the series^ are especially 
characteristic of one subdivision, as in the cases of Nautilus huxleyanus 
and Solariella radiatula, 

A large number of forms are common to two groups. 'Fhe table on 
page 245 exhibits the number of each class of Invertebrata found in 
the different formations, and the proportion found also in Europe, or 
common to two or more groups. The Vertehrata are represented by 17 
species of fishes and one saurian, but the remains are of the most frag- 
mentary description, consisting in most cases of single teeth, and it is not 
certain from ivhich group some of the specimens were originally derived. 

Adding these few vertebrata to the numbers given in the table, we 
have a grand total of nearly 800 species of animals from the cretaceous 
deposits of Southern India. Much time was devoted to the collection of the 
fossils, and their exhaustive examination by Dr. Stoliczka has furnished the 
best evidence extant for the correlation of, any Indian fossil fauna with that 
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of European rocks of corresponding age. Of the whole invertebrata i6’'’6 
per cent, consist of forms known io occur in cretaceous beds in Europe 
The great majority of these are middle or upper cretaceous (cenomanian 
to senonian), but there are amongst the Cephalopoda several forms 
which, in Europe, have only been found in lower beds (neocomian and o-ault) 
whilst a few are representatives of European Jurassic forms, and'^three 
species of belong to a triassic section of the crenus The 

general facies of the cephalopodous fauna found in the lowest' o-roup that 
of Utatur, approximates to that of the Europeati gault, but nrmrlv all the 
species of the other classes of molkis: a found in iiie same !)ed.s Lelon-- to 
a higher horizon, cenomanian (upper greensand), or even higher. 

The whole of the cretaceous rocks of Southern India appear to have 
been formed in shallow water, in the neighbourliood of a coast line, and 

it is possible that the relative elevations of the country have uuderVoae 

but little change since cretaceous times. Then, as \\w-, there was higher 
ground to the westward, and the ancient coast line appears to have 
been approximately parallel to the present, although farther to the west. 
We have thus in the cretaceous formation a confirmation of the evidence" 
already afforded by the lower mesozoic deposits, that the Indian peninsula 
is a land area of great antiquity. 


Amongst the descriptions by Dr. Stoliczka, of the cretaceous fossils 
from Southern India, the following species of La meli ibra nchiata are in- 
cluded from Sripermatur, twenty-five miles west-south-west of Madras, 
already mentioned as the typical locality for a group of the upper 
Gondwtoa series : — 

Sph»riohu sp. indet. Pseudomomtis follaciosi. 

Hippagus cmilimus. iuups. 

Yoldia ohtusatn. ■ Lima oldh'imiana . 

Trigono irm gaUnna. p^^teu anvtensis. 

Two of these, Yoldia obtusata and Tngonoarca galdriua, are also 
found in the Ariyalur group of the Trichinopoli district, but the identifica- 
tion of the Sripermatur species referred to the Voldia is slightly open 
to doubt. Trigonoarca galdritia m, however, a well marked ”form, and 
it belongs to a characteristically cretaceous genus. 

The specimens were collected by the late Mr. Charles Oldham before 

the country was properly examined, and there appears some slight doubt 
as to the precise beds from which they were obtained. Some of the 
specimens were from Sripermatur itself, others from Rajah’s Choultry. 
The only cretaceous fossils found by Mr, Foote, who mapped the country 
in the Sripermatdr neighbourhood, occurred in water-worn blocks of grey 
or greenish grey gritty sandstone, resting loosely on the surface of Jurassic 
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becls near Sripermatur.^ The origin of these boulders could not be traced, 
and the fossils cannot now be found ; amongst the forms obtained were 
four or five species of Ammoniies, some Belemniies^ etc. 


As will be presently shown, there is a great difference between the 
fauna of the cretaceous rocks in Southern India and that of the deposits 
of similar age on the Narbada, but on the other hand many of the fossils 
of the Trichiiiopoii area are found in the cretaceous rocks of the Khasi hills, 
to the north-east of Bengal, bet^veen Assaoi and Sylhet. So many species 
.indeed are .common to, the' Tricbinop'oli and 'I.\.Iidsi deposits that it ' is ' prob- 
able that the t%vo regions were part of the same marine area. The creta- 
ceous rocks of the Khcisi lulls are almost unquestionably identical with 
those extending throughGut the hill ranges south of Assam and the same 
strata are probably represented in Arakam The description of these rocks 
will be best deferred to a subsequent chapter/ but the palaeontological 
results may be noticed here. 

In a small collection of fossils Dr. Stoliczka'^ recognised the following- 
species. The highest fossiliferous band, about 200 feet belo^v the edge 
.of the cliff at Maosmai, a coarse sandy limestone^ contains small Lamel- 
libranchiata^ KCellepora^ and echinoderms; a finer rock is principally 
made up of an Astrocsenia^ allied to A. decaphylla. 

From about the middle of the series, above Mahadeo, in a stream under 
Laisophlang, in a soft, ochrcous, glauconitic sandstone these fossils were 
found":—.. 


Nautilus (? N, elegtms)* 

Naufilus, with a central siphon ; 
fragments. 

U.T. A Ammonites pliintdahis* 

U. dispar. 

U. J, orbignynmiiS, 

A. „ 'I pacifims. 

-U. Anisooeras indicum* 

IJ . „ siibcompressnm* 

U. A. Baculites^ near *vag!na, 

T. A. Alaria piipilionaeea, 

T. A. Rostellaria palliata, 

T. Gosa-via indica. 

T, A. Cenihinm inaiLgiiyatum^ 

T, Tritonidea requieniana. 

T. Hemifusus cinctus. 

The facies of 
Southern India. 

^ Memoirs^ X, 61, (1873). 

^ infra ^ p. 295. 

® StoHczka, Metnoirsy VII, 181, (1S69) • in 


Pliasianella. 

Tzirritella. 

Euspira* 

Dentil Hum, 

JanirGy near y. flearinusiana. 
E>-oi^yra m-itheroniana, 

Spondylus stFiatus. 

Mod hid typiea. 

T. Cardita jaquiiwti {orhicnUiris) . 
Cardium. 

Terehratitlay near T. earnea, 

Tnrbinolith 

liemiaster* 

Holoster 

Brissiis- 

resembles that of the Utatur beds of 

I the lists the letters U,T, A prefixed signify that 
i the species is found in the Utatur, TrichinopoH, 


this group rather 
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From the well known fossil locality about two miles from Thariaj on the 
fourth crosscut taken by the footpath between the zigzags of the road 
to Cherra Piinji, or the first below the Devil’s Bridge, the following \vere 
named": — ■ ■■ 


A. XauiiUis Icevigaftis 
U. A. B-acitlifes vagina. 

A Cyprcua glohulina. 

LL 5, p Halos a. 

T. A. RostelUiFia palliata. 

T. A. Alaria: tegulata* 

1 ', „ glandina. 

A. Lyr’ia crassicostata. 

A, Volutilifhes septemcostata 
T. Tritonidea requieniana. 

T, Liitiiirits reiissH, 

A. Pseud oliva sttbcosfata. 

A. Tiirfitella pondicherriensis. 
T.A. „ mu It {striata. 

U. A.? Mitreola cHJiarina. 

A. Euspira Ur at a... 


'r. A. G yrodes pansiis. 

A . Gibbula gra ft n los a. 

A. Nerita. divaricata, 

A . Euptyoha. larvata. 

A, Actcton cufculio. 

Pecten septemp lie at us. 

Ja nira quad r {costa ta, 

Gryplicea veszcularis. 

Spondylus siriatus. 

Pecten^ near P. nigosus. 

Inoceramus 

T. RJiy neonella couipressa, 

Terebratula, sp., probably T. biplP 
cat a and T. carnea. 

Ananchytes ^ several species, but 
Vdistinct from any de- 
Brissus 'scribed. 


Nearly all the fossils of this list occur also in the Ariyalur group of 
Southern India, but there are a number of species in the Tharia beds 
which appear to be peculiar, and most of them new. It may be w'orth re- 
cording that the observer wdio collected these fossils considered the latter 
locality to be lower in the series than the former, which would be remark- 
able, if true^ seeing that the Ariyalur group is newer than the Utatur. 


Before quitting the subject of the TrichinopoH and Assam cretaceous 
beds, it is necessary to notice the very remarkable resemblance between 
a portion of their fauna and the species found in certain strata in South 
AJrirad In the description of the Gondwdna system, and again in the ac- 
count of the upper Jurassic beds of Cutch, the remarkable affinities between 
Indian fossil plants and animals and the forms found in South African beds 
were repeatedly noticed, and there is a similar connection between the 
cretaceous formations in the two regions. In some deposits found resting 
upon the Karoo beds on the coast of Natal, 22 out of 35 species of mollusca 
and echinodermata collected and specifically identified, are identical with 
forms found in the cretaceous beds of Southern India, the majority being 
TrichinopoH species. Amongst the South African fossils are some of 
the commonest and most characteristic fossils of the Southern Indian creta- 
ceous deposits, namely Ammonites garden?. (Ariyalur), A. kayei (Dtatui) 

y C. L. Griesbach, Quart, four. GfoL Soc., j described by BuiIy, Quart. Jour., Geoh Soc, 
XXVII, 60, ^1871). Some of the fossils were I XI, 4 S 4 » ( 1 ^ 55 )* 


248 


GEOLOGY OF INDIA-PENINSULAR CRETACEOUS. 

Anisoceras rtigaium (Utatur), Pugnellus uncatus (Trichinopoli), Fas- 
riolavia ligida (Trichinopoli), Chemvitzia undom. (Trichinopoli), Eu^ 
chrysalis gigantea (Trichinopoli and Ariyaliir}, Solarielia radiahda (all 
three groups), Avellana ampla (Trichinopoli), Ttirrltella jnultistriata 
(Trichinopoli and Ariyaliir), Pecten (Vola) quinquecostaius (all three 
groups) and Cardium hillanum (Trichinopoli group) . I'here is also some 
slight indication of a represenlai ion of the different Indian zones. 

From the cretaceous rocks of Madagascar six species of cretaceous 
fossils were examined by Mr. R. B. Newton ^ in 1S89, of which three, Alec- 
tryonia \Ostrea) ungiiialay A. pectinata and Grypliwa vesicularis are also 
lound in the Ariyalur group, the other three species being typical neo- 
comian belemnites, from a different locality and evidently from rocks of an 
older date. 

'The South African beds are clearly coast or shallow water deposits 
like those of India; the great similarity of forms certainly suggests 
continuity of coast line between the two regions, and thus supports the 
view that the land connection between South Africa and India, already 
shown to have existed in both the lower and upper Gondw^na periods, 
was continued into cretaceous times. It is very surprising to compare 
the middle cretaceous fauna of Southern India with that of the distant 
beds of Natal, and then with the vridely differing forms found in beds of the 
same age in central India and southern Arabia, 


The marine cretaceous formations found in the western portion of the 
Narbada valley have been commonly known as Bagh beds, from the 
town of Bdgh, situated about 90 miles west by south of Indore and 35 
miles west-south-west of Dh^r. The town is not on cretaceous rocks, 
though they are well developed in the neighbourhood. The occurrence of 
cretaceous fossils near Bdgh was discovered by Colonel Keatinge^ in 1856, 
but the existence of fossiliferous limestone in this part of the Narbada 
valley had been known for a long time, although the exact locality had 
not been ascertained. The circumstance that blocks of limestone, con- 
taining fragments of Bryozoa and ether fossils, had been employed in 
building the houses of Mdndogarh, a city now in ruins about twenty miles 
south of Dhar, first attracted attention, and it was mainly owing to an 
ingenious and happy suggestion by, Dr. Carter^ that attention was attract- 
ed to the neighbourhood of Bdgh, where limestone had been observed in 
1818 by Captain Dangerfield. 

^ Quarts four, GeoL XLV,:333, (i8i89)* j ^ yoitt, Bovi. Br. Roy^. As, Soe.^ V, 23 S, ( 1857 )* 
Jour, As. Soc. XXVIl, 116, (1858). ( Geological papers on Western India, p. 685. 
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The cretaceous rocks of the lower Narbada valley^ occur chiefly aiono- 
the edge of the Deccan traps, and intervene between the latter and the 
metamorphic rocks. West of Bagh the outcrop of the cretaceous beds 
may be traced with a few interruptions to the neighbourhood of Baroda. 
East of Bagh they only occur in places around the iniiers of older rocks. 

As a general rule, the B%h beds are composed of a calcareous rock 
above and of sandstone below, but the character of each portion of the 
formation varies. Commencing to the eastward, the first place where 
marine cretaceous beds are kr:own to occur is in the neighbourhood of 
B^rwai, on the Narbada, nearly due south of Indore. Here some con- 
glomerates, more or less calcareous, and sandstones containing marine 
shells, represent the cretaceous formation, and in one place are seen to 
be distinctly uncon formable to an outlier of Mahadeva conglomerate 
belonging to the upper Gondwana series.. From the neighbourhood of 
Bdrwai the whole Narbada valley is composed of trap for nearly 50 miles 
to the westward. Lower rocks re-appear near Mandogarh, between 
which place and Bagh the cretaceous beds are found, fo»*ming a narrow 
fringe to the traps, around several inkers of Bij^war and metamorphic 
rock. 

The Bdgh fossiliferous beds are divided into three zones, all calcareous 
underlaid by a variable thickness of conglomeratic and sandy beds. The 
fossiliferous zones are known as (1) the nodular limestone, (2) the Deloa 
and Chirdkhcln marl, (3) the coralline limestone. 

The nodular liuiestone group is the most extensive of the three, being 
found in all the exposures, but at the eastern and westernmost outcrops 
the peculiar nodular character is wanting. It is an argillaceous, whitish, 
compact and generally nodular limestone. 

The Deula and Chirakhdn mar! is a soft band, never more than 10 feet 
thick, which is chiefly interesting as having 3delded the majority of the 
fossils. The coralline limestone is the rock of which Mdndogarh is built 
it is yellow or red in colour, and consists chiefly of small fragments of 
Brvo-oa shells, etc. 7he freshly broken surface has a somewhat granular 
mottled appearance, and the fossils are not conspicuous, except on the 
weathered surface. 

The two upper groups do not extend so far westwards as the lowest, 
the most western knowm exposure of the coralline limestone being at Umrali, 
near All. 

The total tlflckness of. these groups united does not exceed 60 or 70 feet 
at its maximum, and they thin, out to the northwards, attaining their gieat- 
est thickness 3,long the southern limit of the exposures. 

The fossil fauna obtained from these, beds is an interesting one, though 

^ The description of these rooks us based, j 163, ^(1869), and P. N. Bose, AfsmorVs, XXI, 
principally on W. T. Blanford, MemoirSf I 351(1884). 
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amcunting to only forty forms in all. Of these the late Prof. Duncan 
determined the following -J - — 



Nodular 

Deola 

roral- 

line 



lime- 

stone. 

marl. 

lime- 

stone. 

- 

Lam EL LI BRA NCH lAT.A — 





Neithea alha^ 




■j P. quinquecosiala in Europe (gauit 
^ to lower chalk); Africa," Utatur, 

Pecten quadricosiatus 



... 

) Triciiinop di and Ariaiur. 

Brachiopooa— 





Rhy nconella depressa 

Brvozoa — 


\ ^ j 

J 

Europe (lower greensand). 

Esc hart na, sp. 


i 



Esebara, sp. . ’ • 

Echinoderm.ata— 





Cularls namadicus . ' 


■ -i 

vf 1 

Lebanon. 

Salenia fraasii 

. .. 

1 i 



Cyphosoma cenomanemis 


1 ^ ! 

* 

Europe (cenomanian). 

Orthopsis indices . 


1 ^ 1 




Nuch'olites sifuilis 
Hemiaster cenomauc7ish 
H. si mil is 
Vermes — 

Vinciilana, sp. 

Serpiila plexus 
CORALLIA - 

T ha m-nastrcea decipiens 






Lebanon. 

Europe (cliloTitic marl). 
Lebanon, Europe (cenomanian). 
Blurope (cenomanian). 


Europe (neoconiian to j^osau). 


To which Mr. Bose® has added the following : 


CePH.ALOPODA'- 


A mmonites gtmdcloitpi 
ASTEKOPODA — 


■ •'! 



Falguftiria elongaia 

* 

■i 

: ^ ■ 

■ ¥ ■ 

Lytia granulosa . 


, . :| 

: 


Fasciolar in rigida . 


' ' 


' ■ .■ 5 f ■ ' 

Triton, sp. . 


y 1 


4 

Naiica, sp. , 


■ ' .'':i 

■' ■■ 

■ ■/ 

Ceriikittm, sp. 
Turritella, sp. 
amellibranchiata — 




¥ 


VE'J 



Ostrea leymerii 




■■ 

0 , arcotensis 

« 


y,:.. ■■ ,i 

4 

0 , sp. . 

, . 


■■■A,::-';;;! 


Radula ohliqidsfriata 





Plicatida m tilHcostata 




i 

Modiola archiaci . 





Inocera mis conceniricus 




/. cegtiandianns 





I, 7 niilliplicatus 








; Europe, Trichinnpoii. 

, Europe (cemonauian and senonian) ; 
j Trichinopoli. 

; Africa ; Utalur and Trichinopoli. 

! Trichinopoli. 


Ariyalur, Europe (neocomian). 


Ariyalur. 

Trichinopoli. 

Europe (neocomian). 
i Europe (gault), 

1 Europe, (gault). 
Trichinopoli. 


^ Qmrf. Jour. GeoU Soc., XXI, 349, (1865) ; 
Records, XX, Si, (1887), 

®This and tne following species were regarded 
by the iate Dr. F. StoHczka as but doubtfully dis- 


tinct from each other and from P. {Vola) qidnqiw 
costata* 

. * Memoirs f XXI, 37, 40, 43, (1S84). 
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PALEONTOLOGICAL RELATIONS. 


2 SI 


InoceramuSf sp. 

Pinna laticostata . 

Area securis 
C-irdiumaliuni 
C, hillunum . . 

Venns, sp. . 

Pa n op ma a r cunt a , 
BrACHIuPODA — 

Rhy n conella plica tiloi des 
R.f sp. . 

POLYZOA — 

Ceriopora dispar . 


Nodular 

lime- 

stone. 

Deola 

marl. 

Coral- 

line 

lime- 

stone. 

■ -X- 




* 



■ ... 


x* 

' ^X ' 

... 


■ ' X , 


x ■ 

■'X ' i 


X 




X 

X 

i 

X 

X 

i « 

i ■ X 

X 


Ariyalur, Europe (neocomian). 

Utatiir. 

Trichinopoli. 

Europe (neoeomiari), 

Trich ! no pol i, Aryalur. 

Ariyalur. 


in the most recently published account of these beds an attempt has 
been niade,^ to correlate the three zones with the three great groups of 
Southern India and to the European groups ranging from albian (gault) 
to senonian (chalk). To say nothing of the improbability of the greater 
portion of the cretaceous period being represented by ^ome 50 feet of 
fossiliferous beds, there is no palaeontological evidence in favour of the 
supposition. Seven at least of the species of the lowest bed range into 
the Deola and Chir^khdn marl, and the same number of species are 
found common to this and the coralline limestone. Three species {Cepia-* 
pora dispar ^ Hemiasier cenomanensis^ and H , shnilis^ range through all 
three beds. Considering the limited number of species found in the upper 
and lowermost beds the palaeontological resemblances are greater than 
would be consistent with a range of time from cenomanian to senonian. 
Nor do the palceontological relations of the fauna to those of other parts 
of the world bear out the supposition. None of those forms which have 
been determined by the late Professor Duncan are found in Europe in beds 
of other than cenomanian or turonian age, and of the forms identided by 
Mr. Bose with European species of albian and cenomanian age, an identifi- 
cation confessedly rough, at least half are forms whose specific identity or 
the reverse is difficult for any one but a practised palaeontologist to deter- 
mine. Omitting those species whose specific identity is open to doubt and 
confining ourselves to those forms which have been determined by Profes- 
sor Duncan, all those which are found in Europe occur there in beds of 
cenomanian (upper green sand) age and most are characteristic of it, 
consequently the cretaceous rocks, of the Narbada valley must closely 
correspond to the Utatur group of Southern India, 

In contrast to the relation between the cretaceous faunas of South 
Africa and Southern India may be noticed the divergence between the 

^ MemoirSj XXI, 48^ (18S4). 
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latter and that of the NarbadA valley. Amcng the fossils ideatihed by Pro- 
fessor Dnncmi, Neitkez alpina and Pecten quadricostntus, ^vere regarded 
by Dr Stoliczka as doubtfully distinct from P. qiiinquccostatiis found in the 
Utatdr group, but with this exception no other specie.s is found in the creta- 
ceous of Southern India, and even in this case the identilication is one on 
which palaeontologists are not thoroughly agreed. Thamnastrea decipi- 
is replaced by a closely allied form 7 ' hleroglyphica, and the two He^ 
by remotely allied forms. The more recent additions to the 
faiina made by Mr Bose have yielded thirteen species apparently identical 
with Southern Indian forms, but it is probable that this number will be 
reduced when the fossils come to be more critically examinee.^ and dve of 
the thirteen are wide ranging species found also in Europe or South dvfrica. 
Even accepting the identifications, this number out of a total of forty 
distinct forms is a much smaller proportion than obtains in the ca'^e of thr- 
south African and Trichi nopoli cretaceous beds. 

Anoth«.;r contrast between the Madras and Narbada valley cretaceous 
beds is tiie very small proportion of European forms fouiul in the former 
and the large proportion in the latter. Of the eight species of Echino- 
dermata four are also found in Europe and two more in tlie Lebanon, and 
of other orders Neiihea alpina^ Pecten quad r icosf at ns and Thamnasiraea 
decipiefts s.te ionnd in Europe. To these Mr. Bose has added eight species 
also found in Europe. In the intervening area, two small exposures of 
cretaceous rocks are known at Ras Fartak and Ras Giiarwen on the 
south-east coast of Arabia, from which small collections, comprising but 
thirteen' species have been e.xamir..ed.^ Yet. three of these are also found 
in the Bagh beds, and no less than ten in Europe. It is evident from this 
that there !nust have been tolerabh' free communication between the seas 
in whicli these different exposures were deposited, and that they belong 
to one of the great marine provinces of the cretaceous epoch. 


With the South African cretaceous fauna tlm relationship of the Bdgh 
fauna is of the slightest, only two species, Pecten qniti-^uecostatns and 
Lyria gr a niflosa^ common to the two regions. Of these the former 

is a species of almost world-wide range, and the latter is also found in the 
cretaceous of Southern India. 

The contrast between the faunas of Narbada and South Indian creta- 
ceous is consequently as strongly marked as the relationsliips of the fonner 
to the European fauna and of the latter to that South Africa. Yet the dis- 
tance which separates the two Indian exposures is but 750 miles, only half 
the distance which separates the lower NarbadA exposure fioin Arabian 
localities, and a much smaller fraction of the distance to the European 
localities or between Trichinopoli and South Africa. 


* P. M. Duncan, Quart, Jour. GeoL Soc., 
XXI, 349, (1865). The Arabian localities were 
originally described, and the fossils collected, 


by Dr., Garter, Jour.^ Bombay Br. Roy. As. Soc., 
■IV,,; 71, (1853), ‘'Geological Papers on 
Western India” p. 603, (*857 . 
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NlMAR SANDSTONE. 



These apparently anomalous relationships and divergences between the 
cretaGeous faunas are easily explicable by, and are indeed proof positive of, 
the supposition that dry land stretched continiioiisly from India to Africa 
during the cretaceous period and formed a barrier between two distinct 
marine provinces. *' 


Besides the fossiliferous beds of the lower Narbdcia' valley already noticed, 
a lower division has been described under the name of the Nimdr sand- 
stone/ whose age is open to doubt, 'i'he frequent presence of a band of 
conglomerates and sandstones underlying the nodular limestone has already 
been noticed. In fact, it is only at or near Kachaoda, in the Man valley, that 
its absence is recorded As a rule, the thickness is small in the eastern 
exposures, but they begin to thicken rapidly south-w'cstwards of Bcigh, 

In the Hatni valley they have a thickness of nearly 200 feet ; near the 
deserted city of Ali they are 500 feet thick, and in the inlier south of 
Kawant they amount to over 700 feet. With all its variation in thickness 
this sandstone preserves the same general type, of conglomeratic beds and 
conglomerates at the base, overlaid by fine grained sandstones and shaly 
beds, 

I'he age of this sandstone is doubtful. It has been regarded as lower 
cretaceous, and in favour of this supposition there is the absence of any 
observed unconformity between it and the beds it underlies. Mr. Bose 
classed it as neocomian on the strength of an oyster bed, composed of a 
species which was identified with the European O, i£y//ieri/,hut tven if the 
identification were correct the evidence is not sufficient to establish the age 
of the bed, and there is some doubt whether the oyster band is really 
conformable to the underlving sandstone or not.^ 

The sandstone contains no recognisable fossils, tlie uppermost beds 
show crustacean and annelid tracks on their surface ; some indeterminable 
fragments of bone were found and fragments of carbonised driftwood are 
said to occur. In this, as well as in lithological facies, the NimAr sand- 
stone agrees wdth the Mahddevas of the DhAr forest area. In KAthiAwAr 
there is the same absence of beds intervening between the upper Gond- 
w'Anas and the cretaceous as would be implied by a MahAdeva age for the 
Nimar sandstones, but the absence of any observed unconformity, ihe 
constancy of the nodular limestone beds, and the fact that the thickening 
of the sandstones is in the same direction as that of the upper beds lend 
some support to the supposition that they are cretaceous. In the absence 
of more conclusive evidence their true age must remain a matter of doubt. 

In KAthiAwar a series of sandstone beds known as the WacihwAii sand- 
^ Memoirs^ XXI, 23, (1.884), I ® XXI, preface to pt. ii, p. vii? (1884.) 
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stones are found between the Uinia group and the overlying Deccan 
traps.^ They are composed of brick red or dull reddish brown sandstone 
with some argillaceous beds, at the top of which are in places cherty beds or 
thin bands of limestone, recalling the rocks of Ragb. In the neiglibourhood 
of WadhwAn, there is a thin band of drab coloured, tough, sometimes gritty 
or chalcedonic limestone, containing marine fossils, chiefly Bryozoa, a 
few small corals and a portion of a flattened, keeled ammonite, resembling 
the cretaceous A. guadaloupae^ in a matted mass of broken indetermin- 
able shells. In other localities Ostrea and Nat tea were found, but no fossils 
suffiGiently well preserved to determine the precise age of the beds. The 
general facies of the fossils, as well as the lithological character of the rock 
they are preserved in, suggest the correlation of these beds vv’ith the creta- 
ceous of Bagh, and their direct superposition on the Wadlnvan sandstones 
corresponds to the relation between the Bdgh beds and the Ximdr sand- 
stones. whose probably upper Gondwana age has already been indicated. 
The relation of the Wadhwdn sandstones to the overlying trap appears to 
be very similar to that of the Bdgh cretaceous, there being a distinct erosion 
unconformity, 

^ F. Fedden, Memoirs, XXI, 87 , fTS 84 ). 
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Deccan Trap. 

Extent-Nomenclature— Petrology— Igneous formations— Sedimentary beds— Lameta group — 
Infra and inter-trappeans of Rajamahendri— Inier-trappeans of the main area— Subaerial 
origin of the traps — Foci of eruption — Age of the Deccan trap —Probable conditions 
during their formation. 

In the last chapter the cretaceous rocks of the Peninsula were described, 
and the present should, in the ordinary course, be devoted to the rocks of 
the same age in the extra-peninsular area. There are, however, two very 
good reasons for departing from this course, the first being the intim^ite 
relation which subsists between the cretaceous and tertiary rocks of a 
large portion of extra- peninsular India, necessitating their being dealt 
with together ; the other is the presence, immediately above the creta* 
ceous beds in the Peninsula, of a series of volcanic rocks, forming one of the 
most prominent and widely spread of all the rock systems found in the Pen- 
insula. 

In superficial area the Deccan traps are only exceeded, within the 
limits of peninsular India south of the Indo-Gangetic plain, by the meta- 
morphic series and, although the traps are far inferior in thickness to the 
Vindhyan and Gondw^na formations, their remarkable horizontality, through- 
out a great part of the region covered by them, enables them to conceal 
all older rocks. Some faint idea of the extensive area occupied by this 
formation may be gained from the fact that the railway from Bombay to 
Ndgpur, 519 miles long, never leaves the volcanic rocks until it is close 
to the Nagpur station, and that the traps extend without a break from 
the sea coast at Bombay to Amarkantak at the head of the Narbadi, and 
from near Belgium to north of Goona Even this extent, gi^eat as it is, by 
no mean represents the whole area originally occupied by the formation ; 
for outliers are found east of Amarkantak as far as Jamiri P^t in Sarguja, 
to the south-east a small outcrop occurs close to Rdjimahendri, whilst to 
the westward the series is well developed in Kathiawar and Cutch, and is 
even believed to be represented, though only by tw^o very thin bands west 
of Kotri, in Sind. We have, therefore, proof of the existence of this vol- 
canic formation throughout hearlj’^ ten degrees of latitude and sixteei::i of 
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longitude^ whilst tlie area covered in the Peninsula of India can be little 
less than 200^000 square miles. It is. probable that the limits mentioned 
very nearly correspond to the original boundaries of the volcanic rocks, 
because the high level laterite, winch rests conformably upon th.e upper- 
most traps of tl-se' Deccan, is found to the southward, eastward and north- 
ward, resting on rocks older than the volcanic series, and if, as will be 
shown to be probable in a later chapter, this laterite was formed at a date 
shortly subsequent to the cessation of the igoeous. outbursts, it may be 
inferred that the lava flows never extended to the localities (such as 
Gwalior, Rend, etc.) in which the 'laterite is. found Testing immediately 
Upon Vindhyan, transition, or metamorphic rocks. 


In adopting the name of Deccanh trap for this great volcanic forma 



tion, the Geological Survey has been guided partly by old 
by the circumstance that the term ' trap ' was originally appi 
horizontally stratified lava flows. Some geologists have c 
term on account of the loose manner in whieh it has been us 
variety of igneous rocks, but it is difficult to replace it; and 
case, at all events, it is employed in a well defined sense. 

In consequence of its geological structure, the volcanic 
tral and western India is distinguished by marked peculiarit, 
and the characters of the surface are widely different from t 
other parts of the Indian F'en insula. Great undulating* plains 


Fig, 15, Hill composed of Deccan trap^ near Hararjgaon, north Nimawar, Narbada valley. 

each other by flat topped ranges of hills, occupy the greater portion of the 
country and the hillsides are marked . by conspicuous terraces, often 

^ It IS scarcely necessary to state that the I Indian Femnsnla which is south of the Via- 
Deccan (Dakshin) comprises that part of the j dhyan range. 
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traceable for great distances^ and due to the outcrop of the harder basaltic 
strata^ or of those beds which resist best the disiategratmg mfluences of 
exposure, in some parts of the area great scarps are found, some of those 
in the Sahyadri range being 4,000 feet in height, all coiispicuousiy banded 
with horizontal terraces. 

The vegetation of the trap area differs no less conspicuously from 
that vrhich is found on other formations; the distinction in the dry 
season being so marked that, especially when taken in connection with 
the form of the surface, it enables hills and ranges of trap to be dis- 
linguished at a distance from those composed of other rocks. The 
peculiarity consists in the prevalence of long grass and the paucity of 
large trees, ^ and in the circumstance tliat almost all bushes and trees, 
except in the damp districts near the sea, are deciduous. The result is 
that the whole country presents, except where it is cultivated, a uniform 
straw coloured surface, with but few spots of green to break the monotony 
during the cold season, from November till March, whilst from March, 
when the grass is burnt, until the commencement of the rains in June, 
the black soil, black rocks, and blackened tree stems present a most re- 
markable aspect of desolation. During the rainy season, however, the 
country is covered with verdure, and in many parts it is very beautiful, 
the contrast afforded by the black rocks only serving to bring into relief 
the bright green tints of the foliage. 


Throughout the trap area the prevailing rock is some form of dolerite 
or basalt, but there is a large amount of variety in the characters 
presented by different beds. Some are excessively compact, hard, and 
homogeneous, the crystalline structure being so minute as to be de- 
tected with difficulty (anamesite), others are coarsely crystalline, and 
these frequeniiy contain olivine in considerable quantities, and one variety 
is porphyritic, containing large tabular crystals of glassy felspar, white 
or green in colour. Many of the basalts again are soft and earthy, evi- 
dently in most cases, and probably in all, from partial decomposition. 
The most striking peculiarity is, perhaps, the great prevalence of aniyg. 
daloid, in which the nodules, chiefly containing zeolite or agate, sometimes 
form the principal part of the rock, d'hese nodules are very often coated 
with glauconite (green earth), and the prevalence of this mineral is highly 
characteristic. Almost throughout their range, the Deccan traps may be 
recognised by the occurrence of the amygdaloidal basalts witligi'een earth, 
or of the porphyry with crystals of glassy felspar. 


^ The want of large trees is partly due to 
the wanton destruction to which the forests of 
India have been exposed for ages through 
reckless cutting, to equally reckless clearing. 


for temporary cultivation of a rude kind, and 
perhaps more than all, lo the practice of 
Annually burning the grass at the commence- 
ment of the hot season. 
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Exfoliating concretionary structure is common in the softer forms of 
basalt, which have undergone some amount of deGonipositioiy, but it is 
never seen in the hard compact beds. Frequently the hard unaltered 
spheroidal cores of concentric noduleSj which may easily be mistaken for 
rolled fragments, are to be found scattered over the surface of the bed, 
from which they have weathered out. Columnar structure is less com- 
mon, though it is occasionally seen, a line example being shown in the 
following woodcut. In some cases this structure has been observed in 


Fig. i6. — Radiating basaltic columns in a dyke near Gujri. north-west of Maheswar, Narba la- 

valley. 

the compact basaltic flows ; it Is frequently seen in the lowest flow, a very 
thick one, 'vest of Hoshangdbdd, in the Narbada valley, and in one of the 
low'er flows in IMdiwd, but the appearance is often confined to intrusive 
dykes, as in the example illustrated, Trachytic rocks are extremely rare, 
and have hitherto only been found in intrusive masses, 

Beds of volcanic ash are common, so common indeed in places as to 
form a very considerable proportion of the strata, and they appear to be 
much more prevalent tow^ards the upper part of the series.^ I'liey often 
differ but little in appearance from the basaltic lavas with which they are 
interstratified, but, on close examination, their brecciated structure can 
always be readily detected, and, the blocks of scoriae which they contain 

^ Possibly due to the upper p.-irtof the series- : lower beds on the Narbadit, west of Baroda, 
being chiefly preserved near the old voicanjc where remains of ancient volcanic cores also 
foci, A§hes are found interstratified with the occur* 


COMPOSITION. 


259 


Oiiap. IL] 

generally weather out on exposed surfaces and remain in relief, precisel 
as on old volcanic cones. Magnificent examples are to be seen on ^mlsl 
of the higher portions of the Sahyddri or Western Ghdts and on the 
high peaks around Poona, formerly used as hill forts ; well marked 
instances occur also in Bombay and Salsette.i Very frequently a thin bed 
of ash^ intervenes between two basaltic flows. Occasionally pumice 7 s 
found in the ash beds, the interstices being, however, all filled up by the 
same process as that by which vesicular lava has been converted into 
amygdaloid. Here and there, throughout the traps, beds of red bole 
occur : they are usually only a foot or two thick, but occasionally mon* 
Sometimes the bole contains scorim, and in this case it frequently covers 
the upper surface of a basaltic flow, into which it appears to pass In 
some instances the bole is so uniformly stratified that it has the appearance 
of having been deposited from water.* 

In a few instances bands of very homogeneous structure and of a pale 
lilac colour, formed of an apparently argillaceous rock resemblin- bole 
in texture and so perfectly laminated as to exactly simulate shale'’ have 
been found interstratified with the basalts. This is especially the case 
at a large hill called Pdwagarh, 2 000 feet high, near Baroda, and similar 
beds are said to occur in Kdthidwdr ; they have also been noticed east of 
Surat. The occasional occurrence of glassy felspar crystals in these beds 
and the circumstance that some of the harder basalts at times weather on 
their exposed edges into a somewhat similar soft lilac rock, render it 
possible that these shaly strata result from the alteration of trap. At 
the same time it is far from improbable that some of them may be con- 
solidated volcanic mud, composed of fine lapilli washed down and deposited 
by water. ^ 

No crystallised pyroxene has been observed, except locally in some 
of the ash beds, and the only felspar which occurs in distinct crystals 
appears to be the form of orthoclase (gassy felspar) which is found in 
the porphyritic rock already mentioned. Olivine and magnetite are com- 
mon, th- former occurring as translucent yellowish grains, the latter in 
minute crystals, too small, as a rule, to be recognised by the naked eye 

' Amongst the best examples are Ihe rocks * Sir C. Lyell has shown that bands of red 
m which the Keneri caves of Salsette are clay interstratified with the iavas of Etna 

cut ; some beds on the Kamatki ghftt between have been formed from tl,e crust of the lower 

Poona and Mahabaleshwar; and a conspicuous lava flow, decomposed into clay and thm 
bed at the lower gateway of the fmtress of baked and reddened by the heat of the over- 
Singarh near Poona. Ash-brecc^as also occur lying dow, or where '• volcanic sand has been 
in Bombay Island at Flag-staff hill and Rai showered down from above and washed over 
hill, Parel, and in the neighbourhood of Sion the older lavas by torrents and floods ■" Phil 
fort. It must not be supposed from these Trans., iBsB, p.711. Similar beds appear to 

examples that the rock Is rare. It is found be cliaracti ristic of subaerial lava flows ; Judd 

almost throughout the trap country, but it is Quart. Jour. Geot. Soc., XXX, 227, (1874). ’ 

much less common towards the base of the 
traps* 


26 o 


GKOI.CGY OF INDIA— DECCAN TRAP. 


[Gliap.::XL: 

but easily detected, if abundant^ by the effect of tlie rock upon the 
magnetic needle. Magnetic ^ i sand derived from the traps is fre-* 
quently found in the streams which traverse the rocks. With the tabular 
felspar crystals small scales of red mica are found. 

Secondary minerals of various kinds, which have been formed since the 
consoridation of the volcanic strata, are found in the greatest abundance 
ill some of the flows, especially in the amygdaloiclal, and in some of the 
more earthy and decomposed traps. I hese minerals not only form the 
nodules of the amygdaloid, but they are found lining cracks and hollow^s, 
the finest crystals being always in geodes or cavities, some of which are 
as much as two or three feet across, and even larger hollows lined with 
crvstals are said to have been found. The commonest minerals are 
quartz (either crystalline or in the form of agate, bloodstone, jasper, etc.,) 
and stilbite, next in abundance are apophyllite, heiilandite, scoleclte 
(poonahliteq laumonite and calcite; thomsonite, epistilbite, |>rehni^ and 
chabasite also occur, but they are rare. The great prevalence of glauconite 
or green earth has already been noticed, 

T’he crystalline quartz is occasionally, though rarely, amethystine ; it 
but seldom occurs in crystals -wbich exceed an inch in diameter, and the 
larger crystals are not often transparent. The form kiiown as trihedral 
quartz, in which the terminal pyramid of each quartz crystal consists of 
three planes instead of six, or in which three planes are very much more 
developed than the other three, is of common occurrence. The agates 
occur chiefly in geodes or nodules, large and small ; many are finely 
banded, and, after being coloured by healing, are cut into ornaments.^ 
jasper and heliotrope or bloodstone occur chiefly in flat plates, which 
appear to have been formed in cracks, and agate is sometimes met wiih 
of apparently similar origin, Stilbite is very common, though less so 
than cpiartz ; one magnificent variety consists of large orange or salmon 
coloured crystals, often two or three inches In length, usually compound or 
in sheaf like aggregations, but occasionally in large fiat prisms terminated 
by a four sided pyramid. Apopliyllite is the finest of all the Deccan trap 
minerals. It generally occurs in four sided prisms with terminal planes, 
a torm which closely resembles the cubical crystals of the isometric sys« 
tern, the double pyramid, with replacements of the secondary prismatic 
laces and terminal planes, so characteristic of this mineral in other locali- 
ties, being chiefly typical of small crystals in the Deccan traps. The 

^ ^ Two other mineral species besides poonah- four. Set,, 2nd series, XL i lo, (1865) is stilbite, 
iite have been described from the Deccan trutps. coloured in the same manner. 

One ot these is hisiopite, Haoghton, FhtL > Most of the stones cat for ornamenrs are 

4th series, XV n, 16, (1S59), which appears, either procured from rivers or from the ter- 
to be Calcite coloured by, glauconite (green • tiary gravels derived from the denudation of 
^ earth) and the other, syhedritc, Shephatdv • 'ihe' ..traps. 
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colom* of the Deccan apophyllite is usually white, more rarely piok or 
green, some crystals are perfectly transp^^^ and one of the most mag- 
nificent associations of minerals to be found anywhere is seen when, as 
occasionally bappens, perfectly clear vitreous Grystals of apophyllite, of 
large size, are inserted on a mass of orange stilbite. Some apophyllite 
crystals are as much as three or four inches across. The otlser minerals 
are less deserving of notice, but very beautiful long acicular crystals of 
scolecite with exquisitely formed pyramidal terminations are of occasional 
occurrence, and fine crystals of white heulandite are not unfrequent. I’he 
glauconite is usually amorphous, but occasionally forms an aggregate of 
crystalline scales, and a massive mineral, which, if not green earth, is 
closely akin both in appearance and composition, occasionally occupies 
small cavities completely. 

One of the most remarkable characters of the Deccan traps is their 
persistent flatness or near approach to horizontality throughout the greater 
portion of their area. This is conspicuous throughout the Sahy^dri range, 
over the whole of the Bombay Deccan, from Khandesh to Belgaum and 
Sholdpiir, throughout southern Berar and the north-western portion of 
the Haiderdbdd territory, in many parts of the Sdtpura range between the 
Narhadd and Tdpti, and on the Mdlwd plateau north of the Narbadd. 
Where exceptions occur, as in the western S^tpura and Rdjpipla hills 
and along the coast near Bombay, the disturbance is shown to be of later 
date from its affecting contemporaneous or newer beds of sedimentary 
origin. The only departure from absolute horizontality to be seen in the 
lava flows of the Deccan is frequently no more than may be due to 
the lenticular form of the beds, but usually there is a very low dip 
discernible, seldom exceeding and fairly constant over large areas. 
This circumstance tends to show that even this small amount of inclina- 
tion may be due to disturbance, because if the dips represented the origi- 
nal angle at which the lava flows were consolidated, they would be found 
to radiate from the original volcanic vents. Nothing of the kind has, 
however, been traced. 

The separate lava flows are, as a rule, of no great thickness. The 
average in the two sections of the Bhir and Thai Ghdts, measured on the 
railway lines, is apparently 64 and 87 feet respectively, but really less, 
because the distinction between the flows can in most cases only be re- 
cog'nised by lithological characters, and where, as must frequently be the 
case, two or more beds of similar appearance and composition occur toge- 
ther, they must often be confounded and measured as one. Many of the 
more amygdaloidal beds appear to be made up of several smaller flows from 
six to ten feet thick, distinguished by being highly amygdaloidal above, 
less so in the middle, and traversed towards the base by long cylindrical 
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vertical pipes filled But even supposing tbai these appa- 

rent distinctions are accidental, some well marked crystalline flows in each 
seetion do not exceed 15 feet in thickness. 


Hitlierto only the igneous portion of the Deccan series has been de« 
scribed, but volcanic rocks, although they form the great mass of the for- 
mation, do not compose it exclusively, for sedimentary bands, frequently 
fossiliferous/ have been found in several places iiiterstratified with the 
lava flows, and have become widely known and described as intertrap- 
pean beds. There is also found in many places, at the base of the whole 
series, a small group of limestones, sandstones and clays, known as the 
Lametd group, from its occurrence at Lametd Ghat, on the Narbadd, near 
Jabalpur. 

The intertrappean beds have been found in two distinct portions of the 
Deccan series, first close to the base, throughout the greater portion of the 
enormously extensive circuit of the volcanic area, and, secondly, in the 
highest portion of the traps, only known to occur close to the coast in 
Bombay Island and the immediate neighbourhood.^ A rough classification 
of the whole series is presented in the following sections: — 

Approxiinate 
thick :iess in fectA 

1. Upper t'-aps, with numerous beds of volcanic ash and the 

intertrappean sedimentary deposits ot Bombay . . 1,500 

2. Middle traps, ash beds nunieroiis above but less frequent 

towards the base, no sedimentary beds known , , 4,000 

3. Lower traps, with intertrappeans of Nd.^rpur, Narbada 

valley, etc., volcanic ash of rare occurrence or wanting . 500 

4. Lameta or inf ratrappean group • ♦ . , , 20 to 100 


The whole thickness, as will be shown presently, is probably consider- 
ably greater than 6,000 feet in the neighbourhood of Bombay, but the 
rocks gradually thin out in other directions. At Bombay the upper limit of 
the scries is not seen. It is highly probable that near Surat and Baroda 
the trap may have been even thicker than near Bombay, but the upper 
portions have been greatly denuded, and it is extremely difficult here, 
as in most other places, to estimate the thickness with any accuracy. 
In Cutch the traps are about 2,500 feet thick, whilst in Sind they have 


^ Bearing in mind that amygdaloidal basalt 
must have been originally vesicular lava, and 
that what are now nodnies of quartz or zeoHle 
were originally air or steam bubbles, it is easy? 
to tjnderstand that the upper portion of a lava 
flow, having been more vesicular originally 
than the lower portion, would be characten.sed 
by a prevalence of amygdaloid. The verti- 
cal tubes must aLo have been originally filled 
with air or vapour, expelled from the 


underlying stratum by the heated mass flow- 
ing over it. 

® The reasons for considering the Bombay 
traps higher in the series than the others will 
be explained subsequently. 

The-thickness given is little more than a 
guess, except in the case of the lower traps 
and Lametas. The other figures are minimum 
estimates of the vertical extent of- the series, 
where fairly developed. 
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dwiadled down to two bands at different horizons, each k-ss than jtoo feet 
thick. Throughout the greater portion of their area, 11,0 higher beds, 
except laterite or post-tertiary deposits, are found resting uporj and 

it Is impossible to form any accurate estiinate of their original devtiop. 
nient,. Iii; The .'extreme ' south- of the ..volcanic area, near,. Belgium,, tlieir 
thickness has been estimated by Mr. Foote to be 2,000 to 2,500 feet. 
On the plateau of Amarkantak, at the eastern extremity of their main 
area, they are about 500 feet thick, but farther cast in the outlier on the 
Main F^dt in Sarguja, not more than 300 to 400, whilst to the south-east 
near Rdjdmahendri they are represented by a thin outlier, in which from 
ioo to 200 feet of basalt may be exposed. 

Before proceedirg further it will be necessary to give a fuller descrip- 
tion of the sedimentary formations, and in accordance with the s)stein 
adopted throughout this work, the Lametd group as the lowest will first 
receive attention, ^ Formerly this group was supposed to be a representa- 
tive of the Mahddeva group of the Gondwana system, but further examina- 
tion has shown that the Mahddevas are much more ancient, and that the 
Lameta beds are so closely associated with the lowest trap that they must 
be considered as part of the same series. The origin of the name has 
already been mentioned, and it has been stated that the group consists of 
limestones, sandstones and clays. The limestones are the most charac- 
teristic and persistent beds, they frequently occur alone, and they form the 
upper portion cf the group when other beds are associated with them. 
Occasionally the limestone is pure, but it is commonly full of sand and 
small pebbles, so as to form a calcareous grit rather than a limestone, and 
as a rule it contains an abundance of masses, sometimes irregular, some- 
times more or less lenticular in form, of segregated chert. Some of the small 
pebbles frequently consist of red jasper, the occurrence of wdiicli is very 
characteristic. This gritty limestone, with its included chert nodules, is 
found over a very extensive tract of country in the Central F^rovinces, and 
appears to be rarely absent throughout any large area in which the base of 
the traps is exposed. 

The bed which, after the limestone, is most commonly found in the 
Lameta group, is a rather fine porous earthy sandstone, usually of a 
greenish colour. The clays are red or green, and are very frequently 
sandy or marly ; sometimes they contain nodular carbonate of lime, 
d'hey are of local occurrence and appear but rarely to extend over any 
considerable area. All these beds pass into each other ; the limestone 
is not unfiequently merely the sandstone cemented by carbonate of lime, 

^ For details, see Quart, your. Ceal, See. y}i VI ^216, (1869); IX, 315? (1^72)5 XIU, 87, 
XVI, 154, (i860); Memoirs, II, 196, (i66o>; 1 (1877} j V, S8, 115, (1872). 
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the marls are an argillaceous form of the limestone, and, except where the 
characteristic gritty liniestone is the sole representative of the formation, 
there is, as a rule, a frequent change of character in the beds, both hori- 
zontally and verticaliy. This is usually the case where the thickness 
/ exceeds'. 20 or '"SO' feet,, but where .the group is only represented by^ a 
band, either .the gritty limestone. or the earthy greenish sa.ndstoiie is com- . , ■ 
'..■v 'm.'Only '.found alone. . 

The Lamet^ quite unconformable to all the various older 

forniations open which it rests, from the metamorphics to the Jabalpur 
group. As a rule, the lowest flow's of trap are conformable to the in- 
fralrappean beds, but in some instances distinct unconformity has been 
detected, especially in one case near Jabalpur,^ and it is highly pro- 
bable that closer examination would show that such cases are common, 
and that in many localities where Lametds are wanting their absence is 
due to denudation in pre-trappean times. At the same time the denuda- 
tion appears to, have been local, not general, patches occurring here and 
there, whilst in the intervals between them the trap rests upon a forma- 
tion older than Lametd, but at such an elevation as to show that the 
absence of the infratrappean bed is not due to the ground having been 
above the water in which the Lametds were deposited. It is impossible 
that the Lametis can ever have been co-extensive with the base of the 
trap, because the surface on which the latter rests is extremely uneven^ 
and many portions of it must have been above the level at which the infra- 
trappean beds were deposited. It will, however, be necessary to recur 
to this subject, when discussing the relations of the trap series as a whole 
to tl»e older formations. 

It is unntcessary to give a list of localities at which the Lametd g^oup 
has been observed. It is principally developed in the Central F*rovinces, 
around Nagpur, Jabalpur, etc. It has not been found in tlie southern 
Mardtbd country, but elsewhere along the boundary of the volcanic area 
from the Godavari valley to Bhopal and Indore, it is rarely absent over 
any considerable area. As a rule, owing to its small vertical development, 
it only covers small portions of the surface, and it usually forms a narrow 
fringe to the trap country. In the western Narbada valley it has been 
recognised and described as lying unconfonnably on the cretaceous B^gh 
beds.^ 

The Lameta group is, as a rule, singularly unfossiliferous, the princi- 
pal fossils wdiich have been found in it, consisting of some bones of a large 
Dinosaurian reptile, 7 ttanosaurus indicus^ allied to Pelorosaurus of the 
wealden and Cetiosaurus of the Bath oolite. These fossils occur near 
Jabalpur, and similar bones, 

^ V, 115, (1872). 

^ Bose, Memoirs^ XXI, 46, (1884). 


ether with coprolites and some cheloniaii 
' 1 ® Lydekker, Besmds^ X, 38, (1877). 
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remains, were found at Pisdura about eiglit miles north of WarorA in the 
ChdiidA district.^ In the last named locality some of the characteristic 
fresh water moiiuscaof the intertrappean beds, such as prinsepii, are 

associated with the bones, and the same shells have also been found in beds 
at the base of the trap in one or two other localities ; for instance, a Pahi-^ 
iiina^ apparently identical ^iXk P^deccanensh^ an intertrappean fossil, was 
found by Mr, Hislop at Ndgpur,^ and Corhuuia have been met 

with in infratrappean beds near Eliichpur in BerAr,^ and P/tysa prtnsepnln 
a similar position at Todihal, 15 miles north-north-east of Kaiadgi in the 
southern Mardlha country.^ But it is by no means clear, in those loca- 
lities, where freshwater shells are found in beds beneath the trap, 
with the exception of Nigpur, that an intertrappean bed has not over- 
lapped the edge of the underlying lava flow, so as to rest upon an older 
rock, which may be either LametA or any other more ancient formation 
and in the particular case of Pisdura, where all the fossils are found 
scattered on the surface of a field consisting of red Lameta clay, there is 
always a possibility that Physa prinsepii and similar fossils may have come 
from some small unnoticed intertrappean band, concealed beneath the deep 
surface soil. At the same time it is by no means improbable that the 
Physa and other shells are really derived at Pisdura from the Lametcl 
beds, and that this group consequently is not much older than the volcanic 
beds which overlie it. 

The only other notewwthy occurrence of fossils in the Lametd group 
is that of some fish remains at Dongargaon, six miles east by south, and 
Dhamni, nine miles east by north, of Warord.^ The species have not been 
described ; one of the fish found was considered by Sir P. Egerton allied 
to the Sphvrsenodiis (a cycloid acanthopterygian) of the London clay, 
but according to Mr. Smith Woodward, only differs from Belonostomus^ 
an upper cretaceous genus, in the prominence of the vertical foldings 
of the teeth.^ 


Leaving the question of the mode of origin of the Lametd group 
to be discussed hereafter, and deferring for the moment the description 
of some beds with marine fossils found at the base of the traps near Rdja- 
mahendri, the next group wdiich requires notice is that comprising the 
fresh water beds interstratified with the lower traps in many parts of 
India, and especially in parts of the Central Provinces, northern Haiderdbdd, 
Berdr, and the states north of the Narbadd valley. Throughout these tracts 
cf country, and beyond them almost throughout the great trap area, there 


^ Quart your, Ge&l. Soc.^ XVI, 163, (i860) ; 
Memoirs, XIII, 88, (1877). 

* Quart* Jour, GeoL Soc*^ XVI, 167, (i860}... 
^ Memoirs^ VI, ^283, (1869)* 


* Memoirs t XII, 193 (1876). 

® Quart. Jour* GeoL Soc*i 
( 860'. 

« Remds, XXIIL 24, t‘ 890). 


XVI, 
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are found here and there, near the base of the volcanic formations 
and in no case so far as has hitherto been recorded, at a greater heio-ht 
than from three to five hundred feet above the base thin bands of chert 
limestone, shale or cla)', often abounding in fossils of fresh water or 
terrestrial origin. 

Perhaps the most common form of the intertrappean bands, or that 
which is most conspicuous, is a compact, blackish, cherty rock, a kind of 
lydian stone It is clear that this rock has been originally a silt, and has 
been hardened, either by the outpouring of igneous rock over it or by 
chemical infiltration, the former being the more probable, because it very 
■frequently happens that the upper portion of the bed only is cherty, th'» 
lower portion being a soft earthy shale. Other forms of intertrappean 
bands are a dark or pale grey limestone, often earthy and impure, but 
rarely gritty, like the characteristic Lametd bed. Not unfrequeutly the 
sedimentary bed is composed of volcanic detritus, whether removed by 
denudation from solid basalt, or consisting merely of the loose products 
of eruptions, such as lapilli, it is difficult to say . Red and green clavs or 
bole are also found, often associated with other intertrappean rocks. 

As a rule, the sedimentaiy beds interstratilied with the lava flows 
are distinguished from those underlying the whole volcanic series by 
the absence of pebbles and s.*.nd, but occasionaii}', though rarely, sandy 
and even pebbly beds are found at some distance above the base of the 
trap. In the south Marathd country most of the intertrappean beds are 
sandstones and conglomerates. One peculiar detrital form of intertrap- 
pean accumulation has hitherto only been described from the country 
north of the Narbadd and south of Chhota Udaipur on the banks of the 
Karo, a tributary of the Hiran river.i The lower beds of the trap series 
here consist of conglomerates, sandstones, and sandy grits, sometimes 
resting on a stratum of basalt, but occasionally on the Bagh cretaceous 
beds, which underlie the volcanic formations. Occasionally the sandstone 
or conglomerate appears to be chiefly composed of detritus derived from 
the metamorphic rocks, but volcanic fragments, usually in the form of 
rolled pebbles of basalt, can always be found by search, and in many 
parts the bed becomes a mass of rolled volcanic fragments, often mi.xed 
with unrolled scoriae. At times, indeed, the rock is a conglomeratic ash, 
in which rolled fragments of metamorphic rocks and of basalt occur to- 
gether Hornblende and pyroxene crystals have been found in these 
conglomeratic ashy beds, which are in some places as much as 200 feet 
thick. In some instances the conglomerates appear to have accumulated 
m hollows, like river beds, but in any case the abundance of rolled pebbles 
and boulders of trap is important as a proof that denudation took place in 
the interval between successive lava flow^. 

' Memoirs, VI, 327, (1S66). 
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With the exception of the detrital accumulations which have just been 
mentioned, the intertrappean bands rarely exceed a few feet, from three to 
about tw'enty, in thickness, and they frequently do not exceed half a foot. 
In many places two or more sedimentary beds occur at different levels in 
the same seGtion, and the different bands are in some cases dissimilar in 
mineral character. Thus, at Mekalgandi* Ghdt in the Sichel hills, scnth 
of the Pen Gangd river, on the old road from Nagpur to llaiderdbad, a 
locality famous as being one of the first at which the Intertrappean fossils 
were detected by Malcolmson, the following beds arc observed in sec- 
tion : — 


I. Trap. 

2- Cherty bed containing Unio, Cypris, etc. 

3. Trap. 

4. limestone containing Cypns and fragments of small mollusca. 

5. Trap. 

6. Calcareous grit, containing broken shells (Lameta), 

7. Metamorphic rocks, 

A single intertrappean bed can but rarely be traced for more than three 
or four miles without interruption ; it then usually dies out. At the same 
time it is rare to go over any large tract near the base of the traps without 
finding some sedimentary bands interstrati bed, and occasionally one is 
found to be much more extensive than usual. Thus, an instance is re- 
corded by Mr. J. G. Medlicott^^ in Sohigpur, east of Jabalpur, in which an 
intertrappean bed was traced for nearly 25 miles. 

It would take up too much space to enumerate all the localities at 
which the lower sedimentary intertrappean beds have been observed. 
They have been noticed in several places in the southern Mardthd 
country ; they are commonly found near the base of the trap flows almost 
throughout the great and irregular line of boundary extending from the 
Goddvari to Rdjputdna, and they occur even in small outliers, for instance, 
at Main Pdt in Sarguja ; they have been detected by Mr, Rogers to the 
•westward at Dohad, about 75 miles north-east of Baroda, and still farther 
west in Cutch, by Mr. Fedden^' of the Geological Survey. 

The abundance of fresh water and terrestrial animals and plants in 
the intertrappean beds has been the principal reason for the comparatively 
large amount of notice wdiich these thin bands of rock have attracted. 
The mollusca are very abundant and are occasionally exquisitely pre- 
served in the cherty layers, the commonest species being forms of Phjsa and 
Lymnea^ whilst Unto^ although abundant locally, is of comparatively rare 
occurrence, Paludina^ Valvata^ SLtid Melania are far from uncommon. 

^ N!ucklegundy pass of Malcolmsou. 1 ® XXVI, 122, (1870). 

^ II, 201, 11^59). 1 * MenMrs, IX, 58, 240, (*872). 
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Land shells are very seldom found, but they have been detected^ in one 
case at least. Entomostracous crustaceans are very nearly as common as 
molliisca, all hitherto found belonging to the genus Cyprzs. The other 
remains of animals hitherto detected have consisted of insects^ fishes, and 
reptiles, all of which are fragmentary. Plant remains abound, but leaves 
are rare, seeds and fragments of wood being more common and the most 
abundant vegetable fossils are the seed vessels of Charace^^ of which one 
species has been described under the name of Chara malcolmsoni. 

The plants have not been described, with the exception of the Chara, 
Those collected near Nagpur are said by Mr. Hislop to comprise about 
fifty species of fruits and seeds, twelve of leaves, and five kinds of woods, 
the only forms mentioned are endcgens and angiospermous exogens. The 
relations of the fossils will be discussed in the sequel, together with 
the fauna of the other intertrappean deposits. 

The whole of the molhisca and Crustacea are fresh water forms ; no 
marine species have been detected associated with them, except in the 
beds near Rdjdmahendri, of which a description will be given in the 
next paragraph. The insects and plants, wdth the exception of Chara 
a fresh water form, are of terrestrial origin. The general prevalence of 
the puinioniferous niollusca Physa and Lymnea appears to indicate that the 
w'ater was shallow, as these forms live partly at the surface, Cypris^ too^ 
is commonly found in shallow marshes. 


The outcrops of trap near Rdjdmahendri are so remote from any 
other exposure of the Deccan volcanic series, being about 210 miles 
distant from the nearest point of the great Deccan area north-west 
of Sironchd, that some doubt would remain as to the identification, despite 
the similarity of mineral character, had not some of the typical fresh water 
fossils of the Deccan intertrappean beds been discovered in the R^jd- 
mahendri area. The Rdjamahendri outcrops occur on both banks of the 
Godavari, ^ and consist of an interrupted narrow band of volcanic rocks, 
chiefly earthy dolerite and amygdaloid of the usual character, extending 
altogether for about 35 miles from east- north-east to west-south“\vest. 
Traps are seen at Kdteru on the left bank of the Godivari just north of 
Rajdniahendri itself, and extend rather more than ten miles to the east- 
north-east, resting upon metamorphic rocks whenever lower beds are 

and coliections of the fossils were made bv 
Lieutenant Stoddart and Sir W. Elliot, and 
described by Mr. Hislop, Quart. Jour, Geoh 
XVI, i6f, 176,(1860). The infratrappean 
band was first noticed by Dr. King, Records, 
VIl, 159, (1874), See also Memoirs, XVI, 
.■■■3241 j Quati, Jour, Geoh Soc,^ X, 471, 


^ Men^oies,^ II, 213, (1859); several forms 
were referred to the terrestrial genus Acka- 
Una, Some similar fossils from a French 
deposit had been placed in the same genus, but 
it appears more probable that the Indian shells 
are of fresh water origin and belorig to Lymnea 
or to some allied type. 

^ The intertrappean beds were discovered 
originally by General Cullen and Dr.; Benza, 
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seen. Gn the right bank the volcanic rocks appear in two areas, divided 
by small alluvial valley : the larger extends for about ten miles to the 
westward from Pungadi, 7 miles west of Rdjamaliendri, and the smaller 
occurs a few miles still farther west. In these outcrops the beds of 
the volcanic series rest upon the R^jmahdl rocks of the Ellore region. In 
both cases the strata overlying the trap are Cuddalore sandstones 
and all the beds alike have a low dip to south or south-east. The whole 
thickness of the volcanic series at this locality, as already mentioned, 
nowhere appears to exceed about 200 feet, and in places it is not more 
than 100. 

At the base of the traps, and intervening between the basalt flows and 
the underlying jurassic sandstone, about 50 feet of sandstone, white, 
yellowish, or greenish in colour, are exposed near the village of Diidkur, I2 
miles west of Rdj^mahendri. The upper portion is calcareous, and on the 
top there is a band, about six inches to two feet thick, of sandy limestone 
abounding in marine fossils, the most abundant of which is a Turrz/ella, 
apparently identical with 7\ dispassa of the cretaceous Ariyalur group. If 
not identical, the two species are very closely allied. A Naittilm^ about 
fifteen Gasteropoda^ and eleven Lamellibranchiata accompany the Tiirri* 
tella, but not a single species, except Turritella dispassa^ has been 
recognised as identical either with the cretaceous beds of southern India 
or with the eocene fossils of the nummulitic group. The collections have 
not, however, been sufficiently compared to enable the species to be de- 
termined with certainty. Only one single species, too, Cardita variabilis^ 
has been recognised as occurring also in the overlying intertrappean bed. 
Although the whole facies is tertiary, there is a remarkable absence of 
characteristic genera,^ and the chief distinction from the cretaceous fauna 
of the upper beds in Southern India is simply the want of any marked 
cretaceous form 1 he fauna is distincly marine. 

It is difficult to say whether this bed should be referred to the Lametd 
grouper not. The mineral character is similar, but all known Lametd 
outcrops are so distant that the identification is somewhat doubtful. 
The distinctions between the fossils of the Hdgh beds and those of the 
infratrappeans of Dudkur and Pungadi appear too great to he attributed 
solely to the existence of a land barrier between the two areas ; it is 
difficult to suppose that the two tormations can be of the same geolo- 
gical age, and the Bdgh beds are probably more ancient than the 
Pungadi infratrappeans. The balance of evidence is rather in favour of 
referring the latter to cretaceous times than to tertiary, and they may be 
considered of intermediate age, as will be shown to be probably the case with 
the Lametds, 

^ Amongst the genera identified are, Rostel^^ 
la^ia several forms of Volufiliihes 

near the tertiary V, torulosa^Naticaf T w 


Denfalium^ Cyiherea or allied geftera (three 
sp.), Cardiia (four sp.), CoibiSt FecHmt.uhiSi 
Cucullma and Ostrea. 
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Upon tlie fossiliferoos limestone described in the last paragraphs a flow 
of: basalt. superposed,: .varying, in. Chick.ness from. , ab.oii t ; : 30 .; to, about 
100 feet. There is an appearance of siiglit uncon lormity where the volcanic 
rock rests upon the sedimentary bed, the surface of the latter being slightly 
uneven, as if denuded, and the upper fossiliierous mfratra|)pean zone is 
occasionally wanting. The variation in thickness of the basalt stratum 
may be due to its having been poured out upon an uneven surface, but it 
is not quite clear whether this unevenness was due to disturbance of the 
sedimentary beds before the outburst of the traps. That the denudation 
of the underlying formations can have been only partial is shown by the 
fact that they may be traced between three and four miles, the upper 
portion alone being locally absent. 

On the left bank of the Goddvari, near Rdjdmahendri itself, the in. 
fratrappean band has not been observed. The thickness of the lower 
flow of basalt cannot be clearly ascertained, hut it is not less than 40 
or 50 feet, and is probably more- Above this lower flow on both banks of 
the Godavari there is found a sedimentary band, twelve to fourteen feet 
thick at Kiteru, where it only extends for about half a mile, and about two 
to four feet thick in the Pungadi direction, where it has been traced for 
about ten miles. The intertrappeaii bad consists of liiiiestone and marl, 
portions of which abound in fossils. Numerous quarries, which have been 
opened near both Pungadi and Kdteru, have afforded good opportunities 
for obtaining fossils, which are diflicult to extract from the argillaceous 
limestone when it is first quarried but weather out on exposure. About 
30 or 40 feet above the fossiliferoiis limestone of Kdieru, another sedi- 
mentary bed, consisting of yellow calcareous shale, is seen in one place. 
It is very thin, and no fossils have been found in it. 

The most marked feature of this fauna is its distinctly estuarine char- 
acter.^ Tympanotjuus, Pirenella^ Cerithidea and Potamides are all brackish 
water forms. Hydrobia is an estuarine genus, and the fossil called Hemi- 
tonia closely resembles a species of Aemwa found living in creeks in the 
deltas of Indian rivers. The shell described as Cerithium midtiforme ap- 
pears to be a Tympam tonus or Pireneila ; C. leithi has the characteristic form 
and sculpture of a Cerithidea^ and C. stoddardi is, at least, as much allied to 
Potamides Cerithium proper. Some of the shells referred to Cytherea 
agree best with the typical forms of the genus (C. msretrix)^ many species 
of which abound in backwaters and at the mouths of rivers, and Mr. Hisiop 
has remarked the similarity between Corbiila oldhami a Brazilian species 
belonging to the estuarine genus Azara, There is a complete absence of 
pelagic shells such as the Cephalopoda^ no Echinoderniata or corals are 
found, and, above all, four species prinsepH^ Lymnea subulata^ 

Paludina normalis and Corbicula are characteristically fresh water 

For a list of the species that have/heen qbtahteU .see Menmrs, XV!, 233, (i$So). 
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forms; the first three of these are of roniparativcly rare occurrence, 
but the is^^c and the last named may perhaps have lived 

in brackish water, as its near ally Cyrena does at the present day, whilst 
the purely fresh water shells were washed down by rivers, this view being 
quite ill accordance with the theory that the intercrappean beds of 
Rdjdmahendri were deposited in brackish water, which was supplied 
with fresh water by streams, but was also in communication with the 
sea. 

The niollusca, however, cannot be considered as very characteristic of 
age. They were eompared by Mr. Hislop with the nummulitic fauna of 
western India, but, as he points out, no forms appear to be identical, and 
although Natica dolium^ Turritella affinis and an unnamed Cerithium 
found in the tertiaries of Sind and Cutch resemble N. stoddardi^ T. prw- 
longa and C. sioddardij the intertrappean forms are more closely allied to 
the cretaceous N. [Mammilla) carnatica^ l\elicita and Cerithium vagans 
than to the eocene species mentioned,^ while other forms might easily be 
showm to be affined to those occurring in the cretaceous I'ocks of Southern 
India. In the case of Tnrntella preelonga and T. elicita the affinity is 
very great. The shell called Vicarya fusiformis appears not to be really 
congeneric with V, verneuilli^ the type of the genus, ^ and the latter has 
now been found to be miocene, not eocene. On the whole, it may be safely 
asserted that no tertiary alliances of any value have been detected amongst 
the intertrappean Rdjamahendri fossils, and that their relations are rather 
with the upper cretaceous rocks of Southern India, although the connection 
is not strong. 

In the islands of Bombay and Salsette, and probably farther north on 
the same line of coast, the traps have an inclination of from 5^ to 
to the westward. The islands are separated from each other and from the 
mainland to the north by tidal creeks and alluvial flats, whilst the expanse 
of water forming Bombay harbour lies between them and the mainland to 
the eastward, In the islands of the harbour, and on the hills between 
Thaiia and Kalyan north of the harbour, the same westwardly dip is dis- 
played, but further to the eastward, from Kaly^n to the Sahy^dri range, 
the traps are horizontal. 

About 2,000 feet of horizontal beds are exposed on the flanks of 
Mdtherin hill, and a still greater thickness farther to the east in the hills 
near the Bhor Ghat and close to the Great Indian Peninsula Railway line 
between Bombay and Poona, but it is impossible to say how far the lowest 
strata, exposed at the base of the hills, are above the bottom of the series, 
as no lower beds than the traps are seen. Owing to the numerous breaks in 

* When Mr, His’op wrote, the South Indian j ® This was pointed out by Mr. H. M. Jenkins, 
cretaceous fossils had not been described. ^ Quart, Jour, Ceol, Soc.^ XX, 58j](i864). 
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the section, it is difOcult, without closer measurements than have hitherto 
been made, to estiiiiate the precise thickness of the rocks dipping to the 
westward near Bombayj but taking the average dip at 5^, the whole thick- 
ness would be nearly 7,000 feet. This is a minimum estimate, as the 
average dip is probably higher and the thickness consequently greater. 
From 1,200 to 1,500 feet of rock are exposed in Bombay island, so that it 
is evident that the lowest beds seen on the island are higher in the series 
than the highest flows seen on the Sahyddri mountains to the eastward, 
although some of the higher portions of the range are 4,000 feet above 
the sea.- ■ 

The mtertrappeans of Bombay are entirely confined, so far as is known, 
to these higher beds, no sedimentary rocks having hitherto been found 
amongst the middle portions of the Deccan trap series and it is manifest 
that the Bombay fresh water beds belong to a very different horizon from 
that to which the iatertrappeans of Nagpur and the Narbadd valley must 
be assigned. The most important bed is that which underlies the basalt 
of Malabar hill and Worlee hill, forming the broken ridge along the 
western or sea face of the island; this stratum is consequently imme- 
diately beneath the highest lava flow known to occur anywhere through- 
out the trap area, for the rocks, as already stated, dip to the west, and no 
beds higher than those of Bombay have been discovered. It must, however, 
not be forgotten that the coast north and south of Bombay has not hitherto 
been examined with sufficient care to make it C|uite certain that no higher 
beds occur. 

This intertrappean bed on the east side of Malabar hill is more than one 
hundred feet thick in places, and consists principally of soft grey, greyish 
blue, brown, and brownish yellow earthy shales, with occasional harder 
bands, some of which are black and carbonace^'^us. The greater portion 
of the bed is evidently formed of %’‘olcanic detritus, whether lapilli washed 
down by water, or sand produced by the disintegration of lava flows^ 
it is difficult to say, very possibly both may have contributed to the 
formation of the rock. At the top of the deposit the shale occasionally 
becomes hardened and silicious, as if by the action of the overlying 
basalt. The black carbonaceous shale is locally highly bituminous and 
sometimes contains small layers of a coaly substance and fragments of 
mineral resin. Impressions of vegetables abound, although they are lut 
seldom well preserved, and remains of animals are common, the best kno\\n 
being skeletons of small frogs and carapaces of Cypndet. 

Besides this thick sedimentary band, several thinner beds have been 
found at lower horizons amongst the lava flows and ash beds of Bombay 
island. They are, however^ very thin and, except one which is seen in 
the quarries of Nowroji hill south of Mazagapn, they are difficult to detect ; 
indeed, the circumstance of their occurrence has only become known through 
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the careful scrutiny of local geologists, who, living in the town, could take 
advantage of any excavations for buildings, tanks, roads, etc., to examine 
the strata exposed. According to Dr. Buist there are five or six sediment- 
ary beds below the thick band of Malabar hill, but fossils have only been 
found in that exposed at Nowroji hill, where Cy prides occur. All these 
bands consist of shaly beds.^ 

The fossils found at Bombay are tolerably numerous, but hitherto only 
the appear to have rece more than a superficial notice. 'I'he 

remains of a fresh water tortoise, Hydraspis leithi [Testudo Carter) 

belonging to the and of a frog, Rana pusUla^ considered by 

Dr. Stolic2ka an have been found, the latter in abundance, 

while some bones of a larger frog have been obtained. The Arihropoda"'^^'' 
represented by three species of Cypris, one of which, C. is also 

found in the intertrappean deposits of the Deccan ; another species has 
been called C, semimarginata by Dr. Carter, the third is unnamed. 

7narginata is the most generally diffused, hut the other forms also occur in 
great numbers. Only fragments of insects have been found. Mollusca 
are rare, and the few specimens hitherto procured have been in poor con- 
dition, they have been referred to Melania and Pupa^ but with some doubt, 
and none of the characteristic Deccan forms have been detected. The 
plant remains comprise stems, leaves, seeds, and perhaps roots, but very 
little has been determined, except that endogens and angiospermous exo- 
gens are represented. 

The life represented by the species named is clearly that of a shallow 
marsh. The frogs occur in large numbers, and their bodies have evidently 
been deposited near the spot where they died, as the w^hole skeleton 
is found perfect. In some cases, as was noticed by Dr. Stoliczkat the 
skeleton has been dragged along the surface of the shale in which it is 
imbedded, and he suggests wfith great probability that this was done by 
wind. The tortoise is a marsh or river form, the nearest living ally, accord- 
ing to Dr. Gray,^ being a genus found in fresh water in South America. 

After the description of the various sedimentary formations intercalated 

^ For fuller description of these beds see Carter, shows that the form agrees well with Oscyglos- 
IV, i6i, (i853),and sus and with no other known existing genus. 
Geological Papers on Western India, p. 12S; At the same time, as some of the principal 
Buist, Trans. Bo. Geogr. Soc., X» 195, (1852); characters by which genera of frogs are di.s- 
Wynne, V, i93.(i866}jVI, 385, (1869). tinguished are not preserved in the skeleton, 

It must not be forgotten that Dr. Cartels views the Bombay frog may have differed greatly 
as to the relations of the sedimentary beds from recent Oxyglossi. From the species of 
differ essentially from those stated in text, true Rana it is distinguished by the want of 
with which ail other observers agree. vomerine teeth, the large head, and short 

’Owen, Quart, your. Geol, Sai;,, 111, S124, hinder limbs. ,,,,, 

(1847) . , * Mag. Nat. Hist , 4^^^ series* Viil, 3399 

^ Memoits, VI, 387, (1867). Dr, Stoliczka (1871). 
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poured out 011 the coast. It may be thought that the prevaltmce of 
volcanic conditions would destroy ail life in the sea, and thus the abseiue 
of. marine fossils in the traps may. be^ explained, but even if tliis' view were 
conceded, and it' is , entirely ; opposed to ail that is known of recent 
siibniariiie volcanic action, there must have been a great desiruction of 
life at the commencement of the volcanic epoch, and some traces of the 
aniniais destroyed should have been preserved# 

The evidence afforded by the characters of the traps and the absence cf 
marine fossils is, therefore, opposed to the hypothesis of a submarine 
origin, and the relations of the lowest lava flows to the underlying rocks 
are strongly antagonistic to the idea that the volcanic outbursts were 
subaqueous. I'he surface of the older rocks upon which the traps rest is 
in many parts extremely uneven, the basalt filling great valleys, some- 
times as much as 1,000 feet in depth, whose form shows that they were 
excavated by subaerial erosion. Admirable examples are seen between 
Bhopdl and Hoshangdodd, where the Deccan traps rest upon an extremely 
uneven surface of Vindhyan rocks.^ It is true that this uneven surface 
might have been formed above the sea and then depressed beneath the 
water, but ia that case we should expect to find aqueous deposits of con- 
siderable thickness at the base of the volcanic rocks, as periods of depres- 
sion are always favourable for the accumulation of sediment. It is pre- 
cisely in this uneven ground that no deposits whatever are found at the 
base of the traps and the general absence of any infratrappean deposit 
has been noticed in the south MardLthd country, where also the surface 
upon which the traps rest is very irregular. 

Where the underlying formation consists of the cretaceous Bdgh beds, 
these are, as a rule, apparently conformable to the volcanic series, and it 
might be thought that in this tract of country the traps were submarine#. 
But every here and there a spot is found where the cretaceous rocks are 
wanting, and where the level of the infratrappean surface shows that 
their absence is due to denudation.® In some cases where the Bdgh beds 


are not more than 30 or 40 feet thick, the denudation which has removed 
them has only extended over a small area, and has scarcely affected the 
harder rocks beneath, and from the small area, often only a few yards wide? 


over which the cretaceous rocks have been removed, it is evident that 
the denuding agent was subaerial erosion. It has also been ascertained 
that the Bdgh beds had been locally disturbed to a small extent, besides 
having suffered from denudation, before the commencement of the 
volcanic outbursts. 

Lastly, the circumstance that, with the single exception of the estuarine 
intertrappean band of Kdjdmahendri, every fossiliferous sedimentary bed 


Memoirs, VI, 240, 242,- etc., (1867). 


! , * Memoirs, VI, 312, 300,313. etc., (1867). 
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intercalated with the Deccan traps is unmistakably of fresh water origin 
is a conclusive proof that all those lava flows which are associated with 
such sedimentary beds are not submarine. We have thus not only a 
complete absence of all proof of submarine origin,^ but clear and 
unmistakable evidence that the traps were in great part of subaerial 
formation. 

Another favourite idea with many writers, and especially with Mr. Hislop 
and Dr Carter, has been that the lower traps were poured out in a vast, but 
shallow, fresh water lake extending throughout the area over which the 
‘ intertrappean limestone formation V extends.® This hypothesis involves 
the existence of a lake of enormous size, several hundreds of miles in length 
and breadth, but shallow throughout. It appears more probable that the 
lakes in which the Lametd group and the intertrappean beds were de- 
posited 'were of moderate size, and that they were formed by unequal 
elevation of different parts of the area, prior to the volcanic outbursts, or 
by the obstruction of the drainage of the country by lava flows. The 
lake or lakes in which the Lametd beds w^ere formed may have been more 
extensive, but it has already been shown that single sedimentary bands 
intercalated in the traps, can rarely be traced for more than three or four 
miles, and the character of the fauna, in the intertrappean formations, 
both of Central India and of Bombay, is in favour of the animals of which 
the remains are found having inhabited shallow marshes rather than deep 
■ lakes, ■ ' 


^ It may appear to many geologists that an | 
unnecessary amount of space and argument 
has been devoted to proving a very clear pro- 
pos^ition, <uiz. that the Deccan traps are 
subaerial. The reason for giving the arguments 
at length is that a different view has been 
expressed by many geologists. A reference 
to the Quart, Jour, Geol. Soc., XXX, 225, 
(1S74), will show that the arguments used by 
Professor Judd to prove the subaerial origin of 
the volcanic rocks in the west of Scotland and 
north of Ireland, are precisely the same in 
many cases as those mentioned above. These 
views had been urged in the case of the Indian 
rocks {AJe 7 ??.oirs VI, 145) some years before the 
publication of Professor Judd’s papers. 

^ By both the writers named the intertrappean 
beds of Bombay were supposed to be iden- 
tical with those of Central India, and both 
were under the impression that there was but 
a solitary fresh water bed which was deposit- 
ed before any volcanic outbursts took place, 
which was then covered up by lava flows, and 
Anally separated from the underlying rocks 


and broken up by a great sheet of intrusive 
basalt injected beneath it. 

The geologists named would doubtless have 
modified their views had they been acquainted 
with all the facts now ascertained with regard 
to the Deccan traps and the associated sedi- 
mentary beds. The conception of a great 
sheet of intrusive basalt so injected between 
two formations that it always overlies the 
one and underlies the other, over an area of 
thousands of square miles, is quite untenable. 
It is a physical impossibility that an immense 
dyke should be injected horizontally for hun- 
dreds of miles instead of breaking through to 
the surface. Moreover, the fact that successive 
sedimentary beds, as in the case at Mekalgandi 
Ghdt, mentioned on page 267, are often of 
1 different mineral compos.tion, and the very fre- 
[ quent instances in which the upper surface of a 
! sedimentary band is altered, whilst the lower 
is unchanged, prove that both lava flows and 
, sedimentary intertrappean beds were regu- 
I larly ,aiid successively formed,^ one above the 
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We are thus thrown back upon our original difficulty, the horizontality 
of the Deccan traps. It has been shown that this is not due to a sub- 
aqueous origin, whether marine or fresh winter. At the same time the 
phenomenon cannot be said to have been thoroughiy explained, because 
no such formation is known to be in process of accumulation at the 
present day. Many sucli niass;‘s of horizontal stratified traps are, how- 
ever, found in various parts of the world, and though it is impossible, 
for want of recent examples, to demonstrate the circumstances which cause 
their formation in place of volcanie cones, there is abundant evidence that 
such traps were a common form of volcanic accumulation in past times, 
and that similar stratified lava flows were not confined to any particular 
epoch, although several instances are known of about the same geological 
age as that attributed to the Deccan outbursts. 

Assuming, therefore, as ^ve are justified in doing, that the horizontal 
dolerites of western and central India precisely resemble modern lavas 
in everything except their horizontality and the extent of area which they 
have covered, it remains to be seen what evidence there is of the sources 
from which this enormous accumulation of molten materials was poured 
out. The original cones and craters, if any ever existed, must have been 
the first portion of the volcanic area to suffer from denudation, and it is 
easy to conceive that subaerial erosion, from eocene times to the present, 
would have more than sufficed to remove every trace of the loose material 
of which volcanoes are chiefly composed. Still, it is surprising that the 
inclined beds forming the slopes of a volcanic cone should, in no single case 
which has been recognised, have been preserved by being encased in 
subsequent outbursts of harder materials. Possibly the tendency of great 
lava streams to sweep away all loose volcanic materials may suffice, in 
those cases in which large quantities of lava are poured out, to prevent 
volcanic cones from forming. 

When, however, we look for other evidence of the neighbourhood of 
igneous outbursts, we find dykes and irregular intrusions abundant in 
some localities, rare or absent in others, whilst the presence of volcanic 
ash throughout a large portion of the trap area has already been noticed. 
The ash beds, especially when, as usually happens, they form a coarse 
volcanic breccia, containing blocks several inches in diameter, cannot 
have accumulated far from volcanic vents, although they may have been 
transported to a much greater distance floating on the surface of molten 
lava than they could have been ejected from the volcano. 

A much closer examination of the Deccan area than has hitherto been 
practicable will be requisite before the distribution of dykes and ash beds 
can be considered as even approximately known. So far as the country 
has hitherto been examined, both appear to prevail much more largely in 
the region near the coast, from Mahdbaleshw^ar to the neighbourhood of 
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Baroda'; than' in other' parts' of the trap area. It, is; of, course,.' very often ■ ■' 
difficult to reeGgnise dykes amongst rocks of precisely similar mineral 
character, much closer search being needed than is requisite in order to 
detect volcanic intrusions amongst sedimentary formations. It is only 
where dykes are large and numerous that attention is likely to be directed 
to'; them. 

There is one tract of country in which dykes are peculiarly large and 
abundani This is in the Riljpipla hills, north-west of Surat In this 
country, over a considerable area, very large, parallel, or nearly parallel, 
basalt dykes are found, sometimes not more than two or three hundred yards 
apart, the general direction being east by north to west by south. The 
traps are much disturbed, and frequently dip at considerable angles. 

To the southward of the Tdpti, along the line of the Sahyadri, and its 
neighbourhood, in western Khdndesh, the northern Konkan, and the 
intervening small native states, a tract whose geology is unknown, 
it is probable that dykes may continue numerous for a considerable 
distance, as their number and size in the Konkan, north-east of Bombay, 
are especially noticed by Mr. G. T. Clark,^ but intrusions are far from 
abundant in the lava flows exposed in the higher country east of the Ghats. 

At the same time the frequent occurrence of ash beds in the higher 
traps around Poona and Mahdbaleshwar sufficiently attests the neighbour- 
hood of the old volcanic vents.* 

North of the Rdjpipla bills and of the river Narbadd, and west of 
Baroda, trap dykes are not so common as in the Rdjpipla hills, but in- 
trusive masses occur. One of these, forming Matapenai or Karali hill, 
about 14 miles south-west of Chhota Udaipur, is a mass of grey trachyte 
or trachy-dolerite, containing enormous masses of granite, evidently 
derived from the metamorphic rocks through which the mass, when 
molten, passed on its way to the surface. The silicious character of the 
intrusion in this, and some other cases, is perhaps due to the fusion of 
qiiartzose metamorphic rock in the basic dolerite. Another trachytic core 
was noticed near the village of Padwani, 18 miles east of Broach. The 
occurrence of fragments derived from the metamorphic rocks in intrusive 
dykes is by no means an uncommon occurrence. 

It is only natural that far better evidence of volcanic foci is to be 

* Qtiart Jour. Geol, Soc. XXV, 164, (1869). homogeneity of the accumulations in the 
® Mr. Clark has described what he regards as neighbourhood of the foci, as compared with 
a series of vents along the course of the Bar wi the more evenly bedded traps and ashes at a 
river above Kalyan. They are said to be crater- distance ; Records, XIII, 69, (1880). The only 
like hillocks, in whose neighbourhood the traps reason for doubting those conclusions is the 
lie in small streamlets, crossing and overlap- peculiar form assigned to the hillocks; as a 
ping one another. These supposed vents lie rule, the material filling the neck ot an old 
along the region where the traps have under- volcano is harder than the surrounding stuff, 
gone a maximum of denudation, believed by and, would not form a hollow siirroinffled by 
Mr. Clark to be due to the less degree of a ridge, but stand out as a solid mass. 
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found outside the trap area, or in the inliers of older sedimentary rocks, 
than amongst the lava flows themselves, and it may therefore be usefiil 
to point out very briefly the distribution of such intrusive masses so far 
as the country is known. Commencing to the north-west, no trap dykes 
have been found in Sind, where, however, the deposits of older date than 
eocene cover an exceedingly small area, in Cutch iotrusive masses of 
basalt and dykes of large ske abound throughout the Jurassic rocks, and 
some of the former rise into hills of considerable size. ^ In Kalhidwdr the 
Girnir hill is said to be formed of the dioritic core of an ancient volcano, 
and intrusions are abundant throughout this district. Throughout the 
northern edge of the trap country in Rcljputdna, Gwalior, and Bundelkhand, 
dykes are rare or wanting, but they abound in some of the areas of older 
rocks exposed in the Narbadd valley, and they are especially common in 
the Gondwina tract, south of the river, in the neighbourhood of the 
xMabddeva hills. Farther to the eastward they are less numerous, but some 
occur throughout the upper Son valley, and they gradually die out in 
Sarguja and Palimaii, only 200 miles west of the ground in which the older 
lava flows of Rajmahil age are seen, and within less than 100 miles of 
the Goiidwana basins in the upper D^modar valley, which are traversed by 
basalt dykes, probably of the same age as the Rijmahal traps. Passing 
southwards from Jabalpur and Mandll however, there is a total absence of 
volcanic intrusions amongst the Vindhyan and Gondwana formations of 
Ndgpurand Chdndd, and none have as yet been noticed in the neighbour- 
hood of the Prdnhita and Goddvari between Chindi and Rij^mahendri. 
The country south of the Goddvari and north-west of Haider^ibad is 
still imperfectly known, but in the south Mardthd country, and the 
Konkan near Vengurla, the few dykes which have been observed travers- 
ing the unmetamorphosed azoic strata are but doubtfully connected, 
with the Deccan traps. Ashes, moreover, are much less abundant in this 
region, amongst the Deccan flows, than they are further north. 

We have thus abundance of evidence of the former existence of 
volcanic foci in Cutch, the Rdjpipla hills, and the lower Narbada valley, 
and probably in the neighbourhood of the Sabyidri range east and north- 
north-east of Bombay, whilst there is every probability that vents ex- 
tended to the eastward as far as south Rewd and Sarguja, but there 
is no evidence of any having existed in the Nagpur country or to the 
south-east. Yet, as the traps are found represented at Rdj^mahendri, it 
appears probable that they once extended over all the Godivari valley, 
though it is quite possible that the Rdjamabendri outlier may have been 
originally isolated and derived from a centre which has not been dis- 
covered. 


1 One of these, called Denodhar, was de- 
scribed originally as a volcano, GeoL Trans, ^ 2nd 
series^ V, 315, (1840). and the statement that 
it IS an extinct crater has been repeated in, 


numerous geological works. The hill is very 
probably the basaltic core of a pre-nummulitic 
volcano. Its crateriform appearance is due to 
denudation. 
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It is, however, very clear that the lava flows must have extended to an 
enormous distance from the vents through which the molten material was 
poured out. Trap dykes are rarely solitary; they are generally abundant 
in the neighbourhood of volcanic foci, and the country in the neighbourhood 
of Nigpur and Ch^ndd has been examined so closely that the improbability 
of any intrusions of igneous rock having been overlooked is much greater 
than in most parts of the country. It is known that the comparatively 
moderate outbursts from existing volcanoes flow to great distances from 
their source, while the occurrence of the Deccan traps in immense horizontal 
sheets of but slight thickness, but of great horizontal extension, shows that 
they must have been extremely fluid when poured out, and it is difficult 
to form an accurate idea of the distances to which they may have flowed 
before consolidating. Further observations are necessary before all the 
sources of the great volcanic series of Western India can be said to have 
been even approximately determined,' 


The question of the geological age to be assigned to the Deccan vol- 
canic outbursts has been left to the last, because it was desirable to 
precede it by a full statement of all the facts upon which a conclusion may 
be founded. The evidence to be recapitulated is twofold, that founded on 
the affinities of the fossils found in the various intertrappean rocks, and 
that derived from the relations of the stratified traps to beds above and 
below them. It is, of course, clear that the traps rest upon cretaceous 
beds and are overlaid by nuramultitics, and the only question is whether 
the lava flows are cretaceous or eocene. 

The most important clue to the correlation of the volcanic rocks with 
the known series of fossiliferous deposits might be expected to be obtained 
from the marine beds associated with the volcanic formations at Raja- 
mahendri. This, however, as has been already shown in the description of 
the sedimentary beds, proves of little service. So far as is hitherto 
known, the relations of both the infratrappean and intertrappean faunas 
are with the cretaceous rather than with the tertiary beds, but the points 
of connection, in the latter case especially, are quite insufficient to decide 
the affinity of the formations. 

Turning to the fresh water fauna of the intertrappean beds, the question 
arises, as in the case of the Gondwdnas, of the amount of dependence to be 
placed upon terrestrial animals and plants as a guide to geological age. In 
the case of the Gondwdna formations it has been shown that forms 

^ Sir A. Geikie {Nature^ 4th Nov. 1880) h&s volcanic cones. This would, to a great extent, 
suggested that the Deccan traps, like the great account for the horizontality of the traps, but 
lava flows of the Pacific slopes of North Arne,-: the, ash beds must have been thrown out from 
rica, weie poured^out from fissures, and not from . vents, round which cones would accumulate. 
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characteristic of particular epochs in Europe occur, in a very different posi- 
tion/in the geological sequence in India, and it is/therefore, necessary to be 
cautious in accepting conclusions founded upon slight evidence. There is a 
very marked similarity between some of the fresh water mollusca of the 
Deccan intertrappeans and species found in some beds of plastic clay age 
(lower eocene) occurring at Rilly-Ia-Montaigne in northern France,^ one 
species, Physa gigantea^ from the latter locality being considered by some 
palaeontologists identical with the Indian P. prinsepti. This identifi- 
cation is, however, to say the least, extremely doubtful, and the fauna of 
the Rilly beds appears more recent than that of the Deccan intertrappeans. 
Other resemblances between the plants and fish of the intertrappean beds 
and those of the London clay have also been indicated, and a Physa^ said 
to be allied to P, prinsepii^ has been found in the nummulitic rocks of the 
Himalayas, but even the generic identification in the latter case is far 
from certain. 2 

This evidence only suffices at the most to show an approximation 
between the age of the Deccan trap and the lower eocene, and is quite 
insufficient to prove whether the former should be classed as upper- 
most secondary or lowest tertiary. But the closest relationship of the 
intertrappean fauna is with that of the Laramie group in North Ame- 
rica. According to Dr. Neumayr® the following species are very closely 
allied, if not identical : — 


Intertrappean. 

Physa pyinsepii * 

„ „ V2.X. elongata , 

Acdla aitennata . • * 

Paludina mrapai • • 

Unio carteri • . . • 

Corhicula ingens . • 


Laramie* 

• P. copeu 

. P. disjtincta» 

• A, haldemani. 


. Hydfohia anthonyi* 

C U> gonionoius. 

\ N, gonioiimbonatiis. 
• C cUburnu 


The Laramie group is regarded as intermediate in age between the 
cretaceous and eocene— an age which would harmonise the conflicting 
alliances of the fauna of the inter and infra trappean beds near Rijd- 
mahendri. 


The relations between the traps and the underlying cretaceous beds of 
the lower Narbadd valley have been already described. There is a general, 
though slight unconformity, due to subaerial denudation of the underlying 
beds. In a very few localities the latter appear to have been disturbed 


^ Mem, Soc, Geol, de France^ 2nd series, 
III, 265, (iSs-i-S). The genera found at RiOy-Ia- 
Montaigne are Cyclas ,Ancylus^ Vitrina^HeliXi 
Pupaj Clausiliaj MegaspirayBuUmuSi Achaiinai\ 
Auricula^ Cyclosloma^ Paludina^ Physa ^ 
V al^aiu. The majority of these genera are 


terrestrial forms. 

® D^Archiac and Haime, Description des 
animaux Fossiles du groupe nummuHtique de 
,1’Inde, Paris, 1853, p, 277. 

® Neti. Jahrht Min, Ceol.^ 1884, Bd, I, p. 74 » 
Pecotds, XVII, 87, {188 ). 
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before the formatimi of the lowest traps. Between the liigliest volcanic 
beds and the ouramulitic rocks of Surat and Broach the break appears to 
be much greater ; not only do the tertiary rocks rest upon a largely denuded 
surface of the traps, ^ but they are in a great measure composed of materials 
derived from the disintegration of the lava flows, the lowest tertiary beds 
being frequently coarse conglomerates of rolled basalt fragments, whilst 
beds/ hundreds of feet in thickness, are chiefly composed of agates 
del ived from the traps. This, however, although it proves that great 
denudation of the volcanic rocks look place during the deposition of 
the nummulitie formations, does not necessarily imply a great break and 
an interval of disturbance prior to the commencement of the tertiary epoch, 
because the traps, being of subaerial origin, were, unlike most sedimentary 
rocks, subject to erosion from the period of their formation, in this case, 
however, the unconformity is distinctly marked, and appears to show a 
great break in the sequence. The lowest tertiary beds near Surat contain 
fossils which appear to be a mixture of middle and lower eocene forms 
(Kirthar and Rinikot). 

Farther to the westward, in Cutch, the rocks at the base of the tertiary 
group resting upon the trap are locally conformable, and they have even 
been considered ^ to be partially volcanic, but, as will be shown in the next 
chapter, there can be no doubt that a break, marked by unconformity, 
exists between the two series. It appears most probable, too, that the 
lowest tertiary beds are really composed of detritus derived from the 
volcanic rocks, as all appear to be of sedimentary origin, and no instance 
has been noticed of intercalation with the lava flows. I'he great difficulty 
of distinguishing between volcanic ash and the detritus of igneous rocks 
when mixed with ordinary sediments, especially where the rocks are much 
decomposed, as in Cutch, is too well known to require comment. The 
beds immediately resting upon the traps are of older date than the num- 
mulitic limestone. The trap rests unconformably on neocomian and ^ ^ - 

Jurassic beds. 

Ill Sind the very thin representatives of the Deccan traps may, of course, 
only represent a small portion of the period during which the volcanic 
rocks were in process of accumulation further to the eastward. One band 
rests conformably upon beds which, according to the most recent palseon- 
tological investigations, are intermediate in age between the cretaceous 
and lower eocene, whilst a second bed of trap is found about 700 feet 
lower, iuterstratified with sandstones. 

It will be seen, therefore, that whilst it is clear that the Deccan traps 
were poured out in the interval between middle cretaceous and middle 
eocene, the evidence tends to show that the lowest volcanic outbursts 
were at the oldest of uppermost cretaceous age. That an immense period 

i Wynne, IX, 66 , (1872). 
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of time was occupied by the accumulation of the successive volcanic out- 
bursts is manifest; long intervals must have elapsed between successive 
flows in all those cases in which fossiliferous sedimentary beds are inter- 
calatedj for these intervals were sufficient to enable lakes to be formed 
and stocked with life, and in other cases for rivers to cut beds in the lava 
flows, and to fill up those beds with graA^el and sand. 

Recapitulating the whole evidence, so far as it is presented to us by 
the observations hitherto made, we find that in times subsequent to 
middle cretaceous, a great area of the Indian Peninsula formed part of a 
land surface, very uneven and broken in parts, but to the eastward 
apparently .chiefly composed of extensive plains, 'which, by some slight 
changes of level preceding the volcanic period, were converted into lakes. 
There is much probability that springs charged with silica were common 
either at this epoch or shortly after. The lakes had apparently been 
drained, and the deposits, which had accumulated in them, had locally 
been subject to denudation before the first outbursts of lava took place. 
These occurred at considerable intervals, small and very shallow lakes or 
marshes being formed in the meantime by the interruptions to the drain- 
age produced by lava flows, or by changes of level accompanying the volca- 
nic eruptions, In these lakes a rich fauna of fish, mollusca, entomostra- 
cous Crustacea and water plants existed, whilst a varied and probably a 
rich vegetation occupied the stirrounding country. There is evidence of 
the existence of insects and of reptiles, whether terrestrial or aquatic has 
not been determined, but hitherto no remains of mammals or birds have 
been found— a circumstance which by no means proves that they did not 
exist. Fresh flows of lava filled up the first lakes, and covered over the 
sedimentary deposits which had accumulated in the waters, but these 
very flows, by damming up other lines of drainage, produced fresh lakes, 
so that several alterations of lava and sedimentary beds were produced in 
places. Gradually the lakes seem to have disappeared, whether the lava 
flows succeeded each other so rapidly that there was no time for the 
accumulation of sediment in the interval, or whether, as is more probable, 
the surface had been converted into a uniform plain of basalt by the 
enormous lava streams which had been poured out it is difficult to say, 
but no farther traces of life have hitherto been found until towards the 
close of the volcanic epoch. It is possible that at the end, as at the com- 
mencement, of the period, the intervals between eruptions became longer, 
and the animal and vegetable life, which may have been seriously dimi- 
nished or altogether driven out of the country during the rule of igneous 
conditions, resumed its old position, but a great change had taken place in 
the long interval, the old lacustrine fauna had died out, and the animals 
and plants which now appeared in the country seem to have differed from 
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those which had formerly occupied it. Lastly, in the north-western por- 
tion of the area, parts of the volcanic country were depressed beneath 
the sea, and marine tertiary deposits began to be formed from the 
detritus of the extinct volcanoes and their products. A great tract of the 
volcanic region, however, appears to have remained almost undisturbed 
to the present day, affected by subaerial erosion alone and never de- 
pressed beneath the sea level though probably for a time at a lower 
elevation than at present. 


CHAPTER XIL 


CRETACEOUS ROCKS OF THE EXTRA-PENINSULAR AREA. 

Absence of break between the cretaceous and tertiary— Isolated exposures of lower cretaceous 

beds— Cretaceous rocks of Sind and neighbouring areas— Sulaimdn range— Afghanistan-^ 

Himalayas— Assam^ — Burma— Doubtfully cretaceous beds of Tenasseritn. 

We have already seen that the great distinction between the palaeozoic 
and mesozoic of Europe does not hold good in India, and that the inter- 
val is bridged by rock systems which include beds both of older meso* 
zoic and newer paleozoic age* In the last chapter we saw that the 
interval between mesozoic and cainozoic is similarly bridged, in the 
Indian l^eninsula, by the Deccan traps^ and we will now find that in extra- 
peninsular India, in Sind and BaluchisMn on the west, as in Assam on the 
east, it is similarly impossible to separate the secondary and tertiary 
eras, on any but purely palaeontological grounds, as they are connected by 
a continuous series of deposits ranging from cretaceous to tertiary, whicln 
in the intervening country, is not only carried through the tertiary epoch, 
but is extended into recent times. 

It is not meant by this that there is on any one section a complete and 
conformable sequence extending from cretaceous to recent. The sections 
indeed are all imperfect, and unconformable breaks are found in all, but the 
unconformity of one section is bridged by a continuous series of deposits on 
another, and there is no widespread, universal break which would give a 
natural line of demarcation for the separation of the rocks below from 
those above them. In many ways it would, consequently, be more natural 
to group the cretaceous and tertiary beds together for descriptive pur- 
poses, but this w’ould necessitate a system of description that would 
obscure some important relations between the tertiary and especially the 
upper tertiary beds of widely separated areas, and it will be best to take 
advantage of the recognised division between tertiary and secondary, and 
confine our attention for the present to the cretaceous rocks. 

Before proceeding to the description of the more important and com- 
plete exposures it will be well to notice some isolated occurrences of lower 
cretaceous beds. 

In Cutch there is a thin bed of ferruginous oolitic rock w^hich occurs at 
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tlie base of the Deccan traps forming Ukra the hill, seven miles south-east 
of Lakhpat in north-western Cutch, and rests upon beds of the Umia group. 
The outcrop is very ill seen, and nothing has been definitely ascertained as 
to the degree of conformity between the cretaceous bed and the underlying 
fomniation, but there appears to be no marked contrast between theni.^ 

The foilowiiig three Cephalopoda have been obtained from this locality, 
Ammonites mart hu\ A, deshayen^ Crioceras australe. The two former 
of these occur in the lower greensand (Neocomian) of Europe, and are most 
characteristic of the upper portion ; the third has been found in cretaceous 
beds of Australia, whose exact horizon is not known. 

In the Chichdli pass, in the trans-Indus continuation of the Salt range, 
the Jurassic beds are conformably overlaid by a band of tough black sandy 
clay, Ml oi Belemnitesj Ammonites^ etc., among which Dr. Waagen recog- 
nised the lower neocomian form Perhphmctes asterianus? 

This fossiliferous band is overlaid by a band of soft yellowish unfos- 
siliferous sandstones which increases in thickness to the west. This was 
at first regarded as cretaceous, but it is said to contain pebbles of alveo- 
lina limestone in the westerly exposures.^ 

In the Sirban mountain near Abbottdbdd, the Jurassic sandstones are 
capped by a bed, lo to ?o feet thick, of a similar, but much harder, 
sandstone, which weathers of a rusty brown colour and is commonly crowd- 
ed with fossils. These include Ammonites of the groups Cristati and 
Injiati^ Ancyloceras, Anisoceras^ and Baculites\ Belemnites are abundant, 
and the general facies of the fauna is that of the gault.^ 1 hey are succeeded 
by a group of thin bedded unfossiliferous limestones which may belong 
either to the cretaceous period or to the iiummulitics by which they are 
overlaid. 


The only locality in Sind where beds of older date than eocene have 
been identified is in a range of hills running due south from the neigh- 
bourhood of SehwiJn, and generally known to Europeans as the Lakhi 
range, ^ from the small town of Lakhi near the northern extremity. South- 
west of Amri, on the Indus, a number of very dark coloured hills are 
seen in this range, contrasting strongly with the cliffs of grey and 


^ The only published account of this bed is in 
the PaL Indica^ series ix, pp. 245-47, (1875). 
No account of the locality was ever printed 
by the discoverer, Dr. Stoliczka, and his note 
books contain scarcely any details on this 
particular point. 

W. Waagen, Pak Indica, series ix, pv 245, 

1875. 

2 A. B. Wynne, Memoirs^ XVII, 242, (ifeo), 

^ W. Waagen, Memoirs^ iX, 342, (*872). 


® This range has no general name, different 
portions being known by a number of local 
terms. It is one of the ranges which combine 
to form the Hala range of Vicary and other 
writers, and the name is the less inappro- 
priate in this case as there is an unimportant 
pass through the chain known as tha Haia 
Lak. Different portiotis of the range are 
known as Tiyun, Kara, Eri, Surjana, etc. 
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whitish nummulitic limestones behind them. These dark hills consist of 
cretaceous beds, but the lowest membef of the series is only exposed in 
a single spot, at the base of a hill known as Barrah, lying about ten miles 
south-west of Amri. The whole range here consists of three parallel 
ridges, the outer and inner, composed of tertiary rocks, while the inter- 
mediate one consists of cretaceous beds, faulted against the lower eocene 
strata to the eastward and dipping under them to the -westward. Close 
to the fault some compact and hard whitish limestone is found, the lower 
portion pure; the upper portion, often containing ferruginous concre- 
tions, is sandy, gritty, and forms a passage into the overlying sandstones. 
The base of this limestone is not seen, the whole thickness exposed is a 
little over 300 feet, and the length of the outcrop does not exceed half 
a mile. The limestone is fossiliferous, containing echinodernis and 
mollusca, but it is so hard and homogeneous that nothing obtained from it 
can be easily recognised, except one fragment of a hippurite. This 
fossil is, however, of great importance, because it shows that the white 
limestone may very probably be an eastern representative of the hippuritic 
limestone, so extensively developed in Persia, and found, in numerous 
localities, from Teheran to east of Karnian in longitude 58^, just ten 
degrees west of the Lakhi range in Sind.^ The precise position of the 
Persian hippuritic limestone in the cretaceous series has not been deter- 
mined, but the European formation, which is very similar and probably 
identical, is of the age of the lower chalk (turonian). 

The sandstones resting on the hippuritic limestone occupy a consider- 
able tract around Barrah hill, and extend for about three miles from north 
to south. They are also seen at Jakhmari to the northward, and in one or 
two other places in the neighbourhood. They are gritty and conglomeratic, 
frequently calcareous, and contain a few bands of shale, usually of a red 
colour. The prevailing colour on the weathered surfaces is dark brown or 
purple, many of the beds being highly ferruginous. On the top of the 
sandstones is a thick bed of dark coloured impure limestone, containing 
oyster shells, and occasionally large bones, apparently reptilian, but none 
have been found sufficiently well preserved for identilication. 

In one place a bed of basalt, about 40 feet thick, has been found inter- 
stratified in the sandstones, and it is possible that the band may exist 
elsewhere, but it has hitherto remained undetected. The position of this 
bed of basalt on the face of a hill called Bor, about 13 miles north of 
Ranikot, is at an elevation of 300 or 400 feet above the base of the sand- 
stones, and about twice as much beneath the main band of interbedded 
trap, to be described presently. 

These sandstones are overlaid by soft olive shales and sandstones, 
^ W. T. Blanfordj Eastern Perria, London , 1876 , 11, pp. 457> 4^5- 
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usually of fine texture. The sandstone beds are and frequently have 
the appearance of containing grains of decomposed basalt or some similar 
volcanic rocky or else fine volcanic ash. A few bard bands occur, and 
occasionally, but rarely, thin layers of dark olive or drab impure lime- 
stone. Gypsum is of common occurrence in the shales* 

The olive shales are highly fossiliferous, the commonest fossil being 
Cardila beaufnonii,^ a peculiar, very globose species, truncated posteriorly, 
and most nearly allied to forms found in the lower and middle cretaceous 
beds of Europe (Neocomian and Gault). This shell is extremely abund- 
ant in one bed, about 200 or 250 feet below the top, but is not con- 
fined to this horizon, Na id also occur, the commonest species close- 
ly resembling A^. lahechei 
of Messrs. D’Archiac and 
Haime, but differing in the 
position of the siphuncle. 
This form appears undis- 
tinguishable from N. bduchar- 
dianus f found in the upper 
cretaceous Ariyalur beds of 
F^ondicherri and at a lower 
cretaceous horizon in Europe. 
A second Nautilus resembles N, subjieuriatisianus (another eocene Sind 
species) in form, and is also allied to some cretaceous types. Several 
Gasteropoda occur, especially forms of Rostellaria^ Cyprsea, Natica, and 
Turritdla but none are very characteristic. Two forms of Ostrca are 
common, one of them being allied to the tertiary O. jiemtngi and to the cre- 
taceous O. zitteliana^ but distinct from both. The only mollusc which 
certainly passes into the Rdnikot beds is Corbula harpa. 

In the lower part of the beds with Cardita beaiunonti some amphicoelian 
vertebrae were found, which Mr. Lydekker has ascertained to be crocodilian. 
All amphicfclian crocodiles are mesozoic, and the present form must be one 
of the latest known. So far as it is possible to form an opinion from very 
fragmentary materials, the vertebrae in question appear more nearly allied 
to the wealden Suchosaurus than to any other form hitherto described. 
It has, however, been already shown, when writing of the Gondwdaa flora, 
that the distribution of Reptilia in past ages was not the same in India as 
ill Europe. 

Only the corals and echinoids of the Cardita beaumonii beds have as 
yet been criticically examined, the former by the late Prof. P. M. Duncan, the 
latter by the same palaeontologist with the assistance of Mr. P. M Sladen. 
The. results obtained are not very definite so far as the correlation of 

* D*Archiac and Haime, Description des ! de I'lnde. Paris, 1853, p. 253, pL xxL 
Auimaux fossiles du groups Nmnmulititiue I Eg. 1 4* 
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the beds is concerned Among the corals the genera Caryophylla^ Smilo- 
trochus Litharma are cretaceous, but also range into and through the 
tertiary, ^nd^ ^\%Sfnilotrochus blanfordiv^^^^ closely resembles S, incnrvus 
of the Italian eocene.^ The echinoids are equally indefinite as regards 
their relations, being neither distinctly cretaceous, nor definitely eocene, 
and the general facies is such as to indicate an age intermediate between 
these two periods A' 

Mention has already been made of one bed of basalt Intercalated 
in the sandstones above the hippuritic limestone and a much more import- 
ant band of the same igneous rock has been traced, resting upon the 
Cardita beaufnonit beds, throughout a distance of twenty-two miles from 
Rdnikot to Jakhmari, about seventeen miles south of Sehwan, wdierever the 
base of the Rdnikot group is exposed. The thickness of this band of trap 
is trifling, and varies from about 40 to about 90 feet. Apparently in some 
places the w^hole band consists of two lava flows, similar in mineral charac- 
ter except that the upper is somewhat ashy and contains scoriaceous frag- 
ments j the higher portion of each flow is amygdaloidal, and contains nodules 
of quartz, chalced( ny and calcite, and in places the nodules are surrounded 
by green earth, as is so frequently the case with the Deccan traps. 
Another characteristic accessory mineral, common also in the traps of 
the Deccan and Milw 4 , is quartz with trihedral terminations. The basaltic 
trap of the Lakhi hills is apparently of subaerial origin, although it rests 
con^’orniably on the marine (or estuarine) Cardita bcati?nonti htds. There 
is nothing in the igneous bed to indicate its having consolidated otherwise 
than in the air, and the structure differs altogether from that of subaqueous 
volcanic tuffs. 

The evidence that this band of basaltic rock is interstratifled and not 
intrusive is ample ; throughout the whole distance the trap is found in 
precisely the same position, between the lowest beds of the Rdmkot and 
the highest of the Cardita beaumonti groups, and apparently perfectly 
conformable to both. The close resemblance in mineral character and 
the similarity of geological position, at the base of the tertiary beds, show 
that this band must in all probability be a thin representative of the great 
Deccan trap formation, and the occurrence of a second bed at a lower 
horizon, interstratifled with the passage beds between cretaceous and 
tertiary, tends strongly to confirm the inference diawn from the relations 
of the traps to the cretacecus and tertiary rocks of western India, that 
the great volcanic formation must be classed as intermediate in age be- 
tween those two eras. 

In Baluchistan the section of cretaceous beds is more extensive than 
* PaL Indica^ series xiv, !, pt. ii. p* (^^8o). I P<th Indica^ series xiv, I, pt. iii, p. 28, (18S2), 
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that seen m the one small exposure in lower Sind, and none of the liori« 
zons except the uppermost have been identified in the two regions. 

In the neighbourhood of Quetta and the country to the east of it the 
lowest rock known is a massive limestone of great thickness. The lower 
portion of this, as seen at the head of the Bolan pass and at Sariab, is of 
a pale cream colour, the upper portion is more or less dark grey in 
colour. Fossils are not very abunknt, but in places it exhibits sections 
of Hippurites^ Inoceramus and corals on the weathered surface. The 
exact age of this limestone is undetermined, but it is regarded as lower 
cretaceous, 

The massive grey limestone is succeeded by a series of dark grey or 
black shalybeds, often containing an admixture of volcanic ash, overlaid by 
red and green mottled shales and thin bedded limestone, capped by white 
limestone. The thickness of these beds appears to be about i,ooo feet, 
about 200 at the top of which consists the white limestone, but there 
are great variations in thickness of both members, owing partly to the 
manner in which the soft shaly beds have yielded to compression, and 
partly to the removal of the upper beds by denudation previous to the 
deposition of the next succeeding group. Locally the shaly beds of this 
group are abundantly fossiliferous, but except a few fragments of ammo- 
nites the only fossils that have yet been found are belemnites, mostly be- 
longing to the Dilatati, and including one very broad and flattened 

form ; owing to the abundance of these fossils the group has been referred 
to, in previous publications of the Survey, as the Belemnite beds.^ 

The age of this group is clearly secondary, yet on some sections the 
white limestone at its summit contains numerous specimens of Niunmu- 
Una and Alveolina^ which are usually regarded as indicative of a tertiary 
age, thus introducing an anomaly which is repeated in the next succeeding 
group. 

According to any local system of classification the next succeeding 
group of strata would be separated from those just described and united to 
the overlying Nummulitic beds, with which it is perfectly conformable, for 
there is a slight but distinct unconformity at the top of the Belemnite 
beds. The unconformity is unaccompanied by any recognisable want 
of parallelism of stratification between the beds below and above it, but is 
marked by a considerable degree of erosion and a complete change of 
fauna, none of the belemnites having been found in the overlying group. 

The Dunghan group as this is called, from a hill of the same name east 
of Spintangi, is an important and 'mteresting one. In the neighbour- 
hood of Hurnai it is essentially a /limesfcpn^ Cormation and caps the bare 
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hogbacked hills east of the Hurnai route to Quetta, To the south of the road 
which connects the Spintangi railway station with Thai Chotiali, the lower 
beds become argillaceous, and the argillaceous element more and more 
replaces the calcareous till, in the hills east of Khattan, the group lias 
become essentially a shale group in which the calcareous element is quite 
subordinate. A similar change takes place in the hills west of the Boian 
pass, but the country there has been less fully examined. 

Ill the hills Inhabited by the Mari tribe the lowest beds of the group arc 
usually imfossiliferous, grey, green, and purplish shales, overlaid by about 
1,000 feet of grey shales, many beds being so profusely fossiliferous as 
to become impure limestones. Above these shales there is a band of 100 
to 200 feet thick, composed principally of more or less impure sand- 
stones, capped by a limestone composed almost entirely of oysters [Exo^^ 
gyra ?), but containing also a few N autili other fossils. The oyster bed 
is separated by some 600 feet of beds, on some sections of limestone on 
others grey shale, from a peculiar band of pseudo- breccia regarded as the 
base of the nummulitic series in this district. 

The fauna of this group is a peculiar one; nummuKtes are abundant, 
but associated with them are Crioceras^ BacuUtes and Atrimonites^ while 
fully half the echinoderms belong to the order Echinoconidw^ and an 
oyster resembling O. cari-nata is not uncommon. Cardita bea^iJinGntiw^s 
not found, but the admixture of characteristically cretaceous forms with an 
abundance of nummuiites points to the group being intermediate in age 
between the cretaceous and eocene periods, and consequently equivalent 
to the Cardita beaumonti\i^As of Sind. The suggestion is supported by 
the frequent occurrence of beds of impure volc'anic ash, immediately above 
the sandstones and oyster bed, and of ash beds and even basaltic trap 
apparently interbedded with the uppermost beds of the Dunglma group in 
the Bclaii pass. It is natural to suppose that they represent the same 
bori2on as the trap above the Cardita beaumontihtAs in Sind, 

It is not known how far the grouping adopted in the country east of 
Quetta holds good for the rest of Baluchistan, as this country has never 
been geologically examined with any thoroughness. Some particulars 
of observations made 00 his journeys through Baluchistdn, have been 
recorded by Dr. Cook, in which it appeals to be |D0ssible to recognise the 
various rock groups mentioned above. He describes^ the cretaceous 
rocks as consisting of “ more or less compact, fine grained, red and 
white limestone, interleaved with slabs and veins of chert; the lime- 
stone generally containing fine micioscopic specks, and the upper part 
one or two massive strata of an excessively hard limestone abounding 
in O riiioides^ Orbitolma and Ogewulinay the lower strata (becoimng 

^ Tmi^s, Med^Pkys, loii 
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argillaceous, slialy and (rarely) ammpnitesdd These beds are 

Hiiderlaid by a dark blue fossiliferous limestone coBtainiug Rhynconella. 
There is, bavvever, some uncertainty about the section, for near Khelat the 
white limestoiie appears to underlie the fossiliferous shales. 

There is some indication in this description of the massive limestone, 
belemnite beds, and Dunghaii group further east, and with one exception 
the fossils recorded would accord with the identification. Ammonites^ 
Ceratiies] CrioceraSy^nA Belemnztes have all been found in the eastern 
area, 2.i\AS cap kites might ^vell accompany them, but if the identification 
Orthoceras^ which has been referred to in a previous chapter/ was 
correct, it must belong to an older set of beds than cretaceous, and sug- 
gests that the section is more extensive and less simple than Dr. Cook’s 
descriptions would indicate. 

In the Suldimdn range, west of Dera Ghazi Khdn, the cretaceous rocks, 
so far as they are exposed, comprise two well marked stages. The lower 
consists of dark grey limestones, occasionally sandy or shaly, passing down- 
wards into dark to bluish grey, often nodular, calcareous shales. The lime- 
stone abounds in indistinct fossils, especially foraminiferae, and in the under- 
lying shales a cephalopod belonging to the Ammonitidse^ Inoceramus and 
two species of Exogyra resembling cretaceous forms have been found.® 

These beds, of which about 1,500 feet are exposed, are overlaid by about 
the same thickness of sandstones, generally white or pale coloured, brown, 
greenish or purplish grey. No fossils have been found in the sandstones, 
and no unconformity has been detected between them and the overly, 
ing beds, while they overlie a bed of pseudo conglomeratic limestone 
exactly resembling that found at the base of the eocene beds of eastern 
Baluchistan. 

Further north, in the neighbourhood of the Takht-i-SuIdiman, the same 
pale sandstone and rfnderlying shales and limestone are found underlaid 
by some hundreds of feet of massive grey limestone, showing sections of 
Inoceramus and corals on the weathered surface, which exactly resembles 
the massive limestone of the Quetta neighbourhood, andTs probably of 
the same age. West of the Suldimdn range, in the direction of the Zliob 
valley, this massive limestone is underlaid by a great thickness of green 
and grey slaty shales, intercalated with beds of sandstone and a few of 
limestone, from which no fossils have as yet been obtained. 

Before passing on to the cretaceous beds of Afghanistan, it will be 
interesting to notice that the rocks just described are the source of the 
petroleum of eastern Baluchistan and of the Suldimdn range. The Balu- 
chistan petroleum is a thick, black, tarry maltha, traces of which are very 

Sutra, I XX, 217, (18S3). 
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frcqiiesitly found in the Duoghati group. At Khaitaii there is a natural oil 
spring, where the petroleum issues along with an al)imdance of hot sulphur- 
ous water, and for seven years past an attempt to work tliis oil for profit 
has been in progress, but the quantity obtained has not been sufficient to 
prove remunerative. It has been supposed that the greater abiindance of 
the oil was in some way connected with the unusual profusic n of organic 
remains in the Dunghan group at this locabty, but the connection is by no 
means clear. A precisely similar oil is found in the Bolan pass near Kirta, 
and in. the Robdar valley, south of fiCbi Ndnl, it issues from the limestones 
below the Belemnite beds, tliat is to say, from rocks much older than the 
Dunghan group. No rocks older than this limestone arc exposed in the 
Bolan pass, and it is impossible to say whetliei* there are any profusely 
fossiltfcrous beds underground, analogous to those of the Diuiglian group 
at Khattan, but the widespread presence of traces of a similar oil, even 
where fossils are rare, appears to indicate that the concentration of the oil 
at Khattan, Kirta, and the other localities, has no connection with ilie 
greater or less profusion of organic remains at those spots. 

In the country round Kandahar,^ and between it and the Khw^ja Amrdn 
range, the cretaceous system is represented by a great thickness of hard 
grey limestone, usually uiifossiliferous but locally containing an abundance 
q{ Hipputites^ CQXdXs^ etc. Near Kandahar this limestone is underlaid by 
a series of beds showing the following sections in descending order : — 

3. A shaly sandstone, made up more or less of trappean material. 

2. Bright green and intensely red shales with thin sandstone bands of trappean 
substance. 

i. Coarse and thick conglomerate, almost entirely made up of pebbles of trap and 
cemented by a trappean, tliough calcareous matrix. 

The description of these beds agrees welt with certain beds seen near 
Kach and Hamadun on the Fltirnai route to Quetta, which were formerly 
regarded as cretaceous. More recent examination has shown, however, 
that they are nummulitic and consequently cannot be representative of the 
Kandahar beds, unless one of the sections has been misinterpreted,^ 

Associated with the cretaceous limestone there are intrusive rocks, 
both basic and acid, and bedded traps. The latter are basaltic in character 
and overlie the limestone ; very few details have been recorded, but one of 
the original foci of eruption was supposed to have been recognised about 
four miles west of Kandahar.^ These bedded traps are newer than the 
trappoid conglomerates described above, which occur below the limestone* 
The intrusive basic rocks are said to be lithologically similar to the 
bedded ones, but they have undergone a serpentinous change, and contain 

^ C L. Griesbacb, M-emotrs, XVIII, 42, j R. D. Oldham, MS. report, (1891). 

(3B81). 1 ^ Memoirs, XVIH, 52, 
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veins and lumps of bright green and yellowish chrysotile where in contact 
with the limestone. The intrusions are numerous and vary in size down 
:/to^rnere;:wafer,'l:ike. strings. '■ 

'!lie acid intrusive rocks are varieties of quartzsyenite/ sometimes 
porphjritic in the hills crossed by the Maiwand pass westof Kandahar, which 
occur in veins and dykes varying from several hundreds of feet to quarter 
of an inch in thickness. In the larger syenitic masses numerous veins of 
a porphyritic rock with crystals of pink orthoclase imbedded in a fine 
grained felsitic matrix are found. Similar syenitic intrusions were ob- 
served at Dabrai and on the w^e stern side of the Kliwdja-Amrdn pass. 
The syenitic intrusions are of somewhat older date than the basaltic^ 
as the former are penetrated by dykes of the latter. 

In Afgh^n-Turkistdn the cretaceous system is well developed^ and covers 
a large area of ground in wdiich the older rocks only appear as inliers here 
and there. The lower cretaceous beds, consisting of about 800 feet of 
sandstones and shales with earthy limestones at the top, are said to be 
conformably underlaid by the red neocomian grits ^ at the top of the 
plant bearing series. The upper cretaceous is formed by about 1,800 to 
2,000 feet, thickening to 4,000 ill the sections near Balkh, of white thick 
bedded limestone with occasional sandstone bands. No defined subdivi- 
sions were recognised^but the limestones may be divided into three zones^:— 

3, Chalk with fhnts. 

2. Concretionary earthy white or brownish white limestones^ occasionally dolomitic.. 

1. Hard white splintery limestones. 

In the north-west Himalayas the cretaceous system, apart from the 
possibly cretaceous Giumal sandstones, is represented by a few small 
patches left on the tops of some of the hills in? Spiti. They were named 
the Chikkim series by Dr. Stoliczka, who described it as consisting of a 
maximum thickness of about 500 feet of bluish or greyish white limestone, 
weathering white, with occasional earthy bituminous bands, overlaid by 
about 200 feet of grey or darkish unfossiliferous marly shale. The lime- 
stone yielded several fragments of Rudistes and numerous Forawdnijeras? 

Precisely similar limestones were observed further east by Mr. Griesbacb 
in Hundes. They exhibit no features calling for special notice, and the 
fossils collected have not yet been described. 

To the north hippinitic limestone has been observed in the Lokhzung 
range, north of the Lintzihang plain, ^ and at Sanju, on the road from 

^ Su^ra, p. 196. ' ; , , 3 p. Stoliczka, Memoirs, V, Jld, (1865). 
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Leh to Yarkand, Dr. Stolicska recorded tlie presence of coarse grey 
calcareous sandstones and cbloritic marls, some beds being almost entirely 
composed of the middle cretaceous Gryphma vesictiUsa^ 

The occurrence of cretaceous beds on the shores of the Namclio lake, 
about 75 miles north of Lhasa, is proved by specimens ol Omphalia trotteri^ 
which were brought from that locality by one of the native explorers of 
the Trigonometrical Survey in 1876.® 

In the Assam range the cretaceous rocks occur both on the plateau, 
where they lie nearly horizontal, and along the southern edge, where 
they are bent down to a steep dip in a monoclinal flexure. They thin 
out in a marked manner to the northward on the section south of Shillong, 
having a thickness of about 600 feet at the edge of the scarp, while 
ten miles further north, near Surarim, there is only about roo feet. 
Still further north there are some small outliers which He in hollows on the 
surface of the Shillong quartzites marking the position of pre-cretaceous 
valleys. 

It is iu these little primitive basins on the plateau that the cretaceous 
coal is found, one of them, a tiny coal basin at Mdobehlarkdr between 
Surarim and Mauphlong, having for years supplied the station of Shillong. 
The mineral itself has a persistent character throughout the whole cretaceous 
area. It is remarkable as being less of a true coal than is that of the over- 
lying nummulitic group ; the texture is compact and splintery, with a 
smooth conchoidal pasture, and the coal gives a dull wooden sound when 
struck. It has the additional peculiarity of containing numerous specks and 
small nests of fossil resin. 

The most persistent member of the cretaceous series Is known as 
the Cherra sandstone, about 200 feet of coarsisli hard rock, unfossiliferous 
except for some vague stem-iike vegetable impressions, which comformably 
underlies the nummulitic limestones. 1 he next most constant member 
is the basal conglomerate, whose larger components are almost all derived 
from the neighbouring Shillong quartzites, and are generally subangular. 
Varying in thicknes from 20 to 100 feet, it everywhere forms the base 
of the series, but whether it represents a definite geological horizon is 
doubtful. 

In the Maobehlarkir coal basin the basal conglomerate and the Cherra 
sandstone are in contact, but at the south scarp of the plateau they are 
separated by glauconitic sandstones, overlaid by a pale fine grained sand- 
stone, often containing broken plant remains, and in places marine fossils, 

StolkzkB., Quart. Jour. GtoU Mission, Geology 22, (1S7S), 
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These beds, about 400 feet in thicknessj thin out to the northward by an 
origmal limit of depositioB, and it has been noticed ^ that the matrix of the 
basal coiiglomeratev at the different levels partakes of the nature of the 
corresponding horizon below Cherra, and on all the sections there is more 
or less of a transition, by interstratification, between it and the particular bed 
which happens to overlie it. The only point tending to cast a doubt on its 
beino^ a marginal form of the successive sandstone beds is the frequent 
occurrence of carbonaceous matter in the rock immediately above, but 
this is not conclusive. 

Where the beds bend aver, and are exposed with a high dip in the 
low ground south of Tharia, the basal conglomerate is represented by a 
coarse felspathic ochrey sandstone, while the overlying beds, having a 
thickness of about i,200 feet, consist of pale grey shales, locally nodular^ 
calcareous, or ferruginous, with some thin layers of earthy limestone or 
sandstone. The whole series, besides being thicker than that exposed on 
the plateau north of the imicTinal axis, is earthy in character, instead of 
sandy, implying a greater distance from the margin of the sea. 

The marine fossils of the cretaceous rocks of the Khasi hills have 
already been mentioned,^ and need not be further referred to here. No 
fossils have as yet been found west of the Khdsi hills. 

In the Garo hills the cretaceous attains a considerable development 
as an arenaceous series, containing important coal seams in places. The 
sandstones of the plateau are horizontal and rest on a more deeply eroded 
and irregular surface than those of the Khdsi hills. At the western end 
of the range the sandstones lap round the end of the Turd, gneissic ridge, 
and the original relations of the rocks are nowhere better seen than 
here. The spur on which the station of Tura stands, some 2,000 feet 
below the crest of the rrcfge has a midrib of gneiss, with sandstone on both 
sides, through which the streams have again excavated their channels. 
I'here is but little disturbance in this locality, and it is plain that the 
ridge must have stood as it does now when these sandstones were laid 
down. 

East of the Khasi hills, throughout the south-east portion of the 
jaiixtia hills from the neighbourhood of Jowai eastwards, cretaceous rocks 
are found at the surface, horizontal or nearly so, and to the eastwards pass 
conformably beneath the tertiaries near the Kapili (Kopili) river. Beyond 
this we have only isolated observations; the thin bedded sandstones at the 
falls of the Kapili are beheved to be cretaceous, and typical cretaceous- 
coal is associated with sandstone and some bard sandy limestone resting 
flatly on the gneiss in the Nanibar and Ooigrung valleys, near Golaghdt,. 

^ H» B. Memoirs, VO, £71, (1869), | ^Stipra, p. 2^47. 
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The existence of cretaceous beds in the Arakan Yoma is only sho\Yn 
by the discovery of one species of mollusc in a sinsrle locality near Ma-i 
ill the northern part of the Sandoway district of Arakan. The species 
found, Ammonites injiatus^ 2 . characteristic ceilomanian cephalopod, 
common in the Utatur beds of Southern India. The only specimen 
obtained was picked up in the bed of a stream, and had evidently been 
derived from some shales in the neighbourhood. No other specimens 
nor other fossil of any kind could, however, be found. 

What may be the extent of the cretaceous beds, and which strata should 

be referred to this group, are matters on which but little trustworthy in- 
formation has been obtained. Mr. Theobald was disposed to consider that 
a peculiar, compact, light cream coloured, argillaceous limestone, resem- 
bling indurated chalk, sometimes speckled from containing sublenticular 
crystalline particles, belongs to the cretaceous system. This limestone 
has been traced at intervals from near Ma-i, about thirty miles north 
of Tongup (Toungoop), to the neighbourhood qf Sandoway, whilst some- 
what similar limestone, though not so characteristic, may be traced to 
Keantali, some thirty miles farther south. The same limestone is found in 
the western part of Ramri Island. Another peculiar formation is a greyish 
rather earthy sandstone, with a pisolitic structure in places, due to the 
presence of small globular concretions of carbonate of lime and iron. The 
concretions decompose and leave small holes, which impart to the earthy 
sandstone the aspect of an amygdaloidal trap. Like the limestone, tins 
necuHar sandstone is traced from Ma-f to near Keantali, a distance of 94 
miles and if, as appears probable, these beds are really cretaceous, for 
both are closely associated with the shale from which the ammonite had 
aoparently been derived, the rocks of this formation may be considered as 
exlendin- at least the distance mentioned. The strata ascribed to the 
cretaceous group are less hardened ard metamorphosed than the other 
rocks of the Arakan Yoma ; they are of great thickness, and may include 
all the beds of the main range of tl'.e Yoma, as far south as Keantali. No 
rocks which can be referred to the Ma-f group have been detected east of 
the main Arakan range in Pegu. 'I'o the northward their range is 
unknown, but a limestone resembling that of the Ma-f group was seen m 
the hills east of Manipur.^ 


Anart from those just mentioned no rocks of cretaceous age are knoww 
to Jxist in Burma, though there is a probability that they may be repre- 
sented in Tenasserim. On the Lenya river,* in the extreme south of the 
province, a bed of coal occurs, of very laminated structure and containing 
Lmerous small nodules of a resinous mineral, like amber. This peculia 

XIX, 223, (.883) i 148. 1 * T. Oldtem. C.vA X, (>856!. 
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association of' mineral resin is cliaTacteristic of the cretaceons coals in the 
Assam hillSj and It is possible that the Tenasserim mineral is of the same agej 
At the same time no palseontologi cal evidence has been discovered, the rocks 
associated 'With the coal are soft clays and sands, having" a more recent 
appearance than those accompanying the other coal seaing of the Tenas^ 
serim province, and these other coal seams are, it is believed, not older 
than eocene. The coal occurs in an irregularly developed bed, varying 
from 1 to 5 feet, or rather more, in thickness, with thin layers of fine 
jetty coal between bands of hard black shale, and rests on clay with 
vegetable remains, and patches of jet coal Thin coal laminse are also 
found in the associated strata. 

Below the rocks immediately associated with the coal are fine, w^hltish 
earthy sandstones and indurated clay, passing into marl, with some con- 
glomerates, Above the coal is a series of soft muddy sandstones, marls, 
conglomerates and a few seams of Carbonaceous matter. The whole may 
be 600 feet thick. The dip is considerable, about 35^, arid the rocks 
have undergone disturbance and faulting. Nothing has been ascertained 
as to the relations of the coal bearing beds to other formations, indeed 
all that is known of the Lenya river coal b the result of a hurried visit 
to a locality very difficult of access. 


^ Mr. Bose (MS. Report, 1892) regards these 
beds as belonging to. the Maulmain series, of 
Palaeozoic age ; the country is, however y singu- 


larly ill adapted to geological Investigation 
and the examination was necessarily incom- 
plete. 


CHAPTER XMI. 


TERTIARY DEPOSITS. 


{Excluding those of the Himalayas) 

Quiion and Ratn%iri-*^Surat-^Sind and Baldchisidn — Cutch and Kdthiawar-«-Afgl)dn!£jtdii — 

Koh4t'«-As»ain-;-Burma4 

No tertiary beds are known in the Indian Peninsula except in the iiti- 
mediate neighbourhood of the coast, and if we exclude certain uBfossiliferous 
sandstones, now regarded as subrecent though possibly of upper tertiary 
agCj they are confined to a few small exposures on the west coast, the 
most southerly of which is near Quilon, in Tra van core. 

The earliest; and practically still the only, information published on 
the occurrence of tertiary beds in Travancore is comprised in some 
notes supplied by General Cullen to Dr. Carter, and published by the latter 
in his ^ Summary of the Geology of India/^ Beneath the laterite of the 
neighbourhood of Quilon, at a depth of about 40 feet from the surface, 
grey fossiliferous limestone (or dolomite according to General Cullen) 
is found, partly compact and partly loose and rubbly. I'his limestone 
is exposed beneath a laterite cliff near the coast, four or five miles north- 
east of Quilon, and the same rock has been found in the neighbourhood of 
the town at a depth of about 40 feet in numerous wells, many of which 
were sunk or deepened by General Cullen for the purpose of ascertaining 
the presence of the limestone. Further south, near Warkalli, twelve to 
fourteen miles south of Quilon, the cliffs on the coast expose, beneath the 
laterite, beds of brightly coloured sand and clays with bands of lignite, 
abounding in fossil resin and iron pyrites, both in lumps of considerable 
size. The sandy beds overlie the lignites and clays. 

The limestone contains marine shells in abundance, amongst which 
Dr. Carter recognised Stromhus fortisi^ Cassis sculpia^ Valuta jugosa^ 
Ranella bufo^ Conus catenulatus^ Conus marginatus^ and Centhium rude^ 


* JutLT* So* Br* Roy, As, SoC,^ V, SOlf (1857)1 
and Geological Papers on Western India, Bom- 
bay, 2857, pp« 740 and 743, footnote. This foot- 
note is an addition to the original summary. 
The very small outcrop was not found during 


the geological examination of the Cochin 
neighbourhood. The locality had been incor- 
rectly defined in the first instance, but its 
existence was subsequently verified by Mr. 
Logan j ReoordSf XVU, 9* 
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besides species of several other genera resembling forms found in the 
tertiary beds of Sind and Cutch. A species of OrbztoliieS (?) was 
described by Dr. Carter as 0 . malaharica. All the mollusca identified 
belong to species occurring also in Cutch and Sind, and, so far as is 
known, in beds of later date than the nummuHtic limestone. No plants 
appear to have been collected from the lignite beds. 

Another deposit of obscure date and origin has been found beneath 
laterite at Ratndgiri (Rutnagherry) on the western coast.^ White or 
blue clays with thin carbonaceous seams are found in various quarry and 
well sections near the town beneath a considerable thickness of laterite, 
35 feet in one case. Some of the clay is said to be sandy or gravelly. 
Above the deposit is a layer of hard ironstone, about an inch thick, but 
said sometimes to be thicker. As in Travancore, fruits and leaves are 
found in the clay and lignite, together wiih mineral resin and pyrites. 
No specimens of the organisms found appear to have been collected. The 
beds are only a few feet thick, 27 in one section measured by Dr, de 
Crespigny, and rest unconformably upon Deccan trap. 

There is but little evidence to connect this deposit with the Travancore 
beds, but, owing to some similarity of mineral character, the presence 
of lignite in both, and the circumstance that both underlie laterite, they 
have been classed together. 


The tertiary rocks in Surat and Broach^ are almost confined to two 
tracts of country, separated from each other by the alluvium of the river 
Kim, a small stream running to the sea from the Rajpipla trap area. The 
southern tract is the smaller, extending about ten miles north from the Tdpti 
river and being about fifteen miles broad from east to west ; the other 
area, between the Kim and Narbadd, extends about thirty miles from 
north-east to south-west, and is about twelve miles across where widest. In 
both the few good exposures of rock which occur are to the eastward. 

At the base of the tertiary formations, north-east of Surat, are thick 
beds of ferruginous clay, assuming, where exposed, the characteristic brown 
crust and pseudo-scoriaceous character of laterite, from which they differ 
in no respect. These beds at first sight appear to be of volcanic origin^ 
an idea which is strengthened by the neighbourhood of the traps on which 
they rest, but close examination has shown that they are really sediment- 
ary deposiiS| although composed, in all probability, of materials derived 
from the disintegration and denudation of the trap. With them are inter- 
stratified beds of gravel or conglomeratei containing agate pebbles derived 

^ Carter, Jour. Bo, Br, Roy, Soc,, V, 626, son, Records^ IV, 44, (1871). 

(^^57); Geological Papers on Western India, ,, For a fuller description, see Memoirs^ 
Bombay, 1857, p, 722, footnote; C. J. Wilkin- 223-27 and 356-73, (1S69). 
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from the traps and limestone, sometimes nearly pure, but more frequently 
sandy, argillaceous, or ferruginous, and abounding in nummulites and other 
fossils. The thickness of the whole can only be roughly estimated at 
between 500 and 1,000 feet. 

These beds are Avell seen on the banks of the Tdpti below Bodhdn, a 
village eighteen miles ea.st by north from Surat. They extend thence 
to the northward through Tarkesar to the Kim alluvium, and again north 
of the Kim to the neighbourhood of a village called Wdgalkhor, about 
twenty-four miles north-north-east of Bodhdn, and seventeen east by south 
of Broach. North of this they appear to be overlapped by higher beds. 

The nummulitic limestones and their associates are distinctly uncon- 
formable to the underlying traps, and rest upon the denuded edges of the 
latter. Amongst the fossils found in the lower tertiary beds are Nunmiu- 
lites rmnondi, N. obtusa, N. exponens (or //. granulosa), Orbitoides dis- 
pansa and some other species which are common in the Kirthar beds 
of Sind, together yN\i\\ Ostrea flemingi, Rostellaria prestwichi, and 
Natica which are particularly characteristic of the Rdnfkot 

group, and Vulsella legumm found in both. Some other fossils have been 

identified with species found at a higher horizon, but the identification 

appears doubtful. The nummulitic beds of Surat and Broach may safely be 
classed as eocene. 

Above the limestones and lateritic beds there is found a great thickness 
of gravel, sometimes cemented into conglomerate, together with sandy clay 
and ferruginous sandstone, often calcareous. These higher beds are poorly 
exposed in the Tdpli and Kim rivers, but they are well seen in the stream 
which runs past Ratanpur, east of Broach. Here they consist chiefly of 
sandstone, gravel, and conglomerate, with occasionalbedsof red and white 
clay and shales. The pebbles in the gravels and conglomerates consist 
chiefly of agates and quartzose minerals derived from the trap, and 
from some of these beds near Ratanpur, east of Broach, the agates and 
carnelians are obtained which have from time immemorial supplied the 
lapidaries of Cambay. At the base of the teitiary beds in this direc- 
tion is a coarse conglomerate composed of large rolled fragments of basalt, 
but it is uncertain whether this bed belongs to the upper tertiary group 
or to the lower tertiaries, as it is not quite clear, owing to the few sections 
exposed, whether the lower eocene beds are completely overlapped 
to the northward, or merely represented by unfossiliferous beds of a 
different mineral character. Like the underlying beds, the higher tertiary- 
strata have a steady dip to the westward, and the thickness of the whole 
tertiary series exposed near Ratanpur appears to be between 4,000 and 
5,000 feet, but this estimate is based on a very imperfect exposure of the 
rocks. Of course, if, as appears possible, the lower beds are overlapped, the 
whole of this thickness consists of the upper members of the series. 
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No niimmiilites are found in these upper tertiary beds, and the few 
fossils discovered in them appear to differ from those in the numniulitic 
limestones below. The commonest organic remains are valves of Baiam\ 
which are also abundant in the G^j (miocene) rocks of Sind, The abund- 
ance of B.diunt and the absence of Nummulites together form strong 
reasons for believing that the upper beds of Surat and Broach are of 
later date than eocene. 

It is far from certain whether any pliocene beds are found in eastern 
Gujardt. They occur in K^thiawdr and on Perim Island in the Gulf of 
Cambay, and further search may detect them in Surat and Broach. 

Tertiary deposits are found in the debateable ground west of the 
Ardvallis which belongs structurally to the peninsular and stratigraphically 
to the extra-peninsular area, and in the extra-peninsular area they attain 
an immense development, both as regards their thickness and the area 
they cover. Taken as a whole, and ignoring local breaks in the continuity 
of deposition, they form a great system of deposits whose lower portion is a 
marine formation while the upper consists of fresh water subaeria! deposits. 
The distinction is not absolute, nor can the line of demarcation between 
the two types be everywhere drawn on the same horizon, yet the distinc- 
tion is a real and important one. Everywhere, from Sind on the one hand 
to Burma on the other, the eocene deposits are marine and the pliocene 
fresh water or subaerial, with the possible exception of the pliocene beds 
of the Irawadi valley, and w'herever there is a continuous succession of 
deposits, there is a gradual transition from the one type to the other. 

It will be well to commence the general description of the extra-penin- 
sular tertiaries with those of Sind, as, owing to the completeness of the 
section there and the abundance and excellent preservation of the fossils 
of the various horizons, it may well be regarded as a type area for the rest 
of India. At the same time the tertiaries of those adjoining areas will be 
noticed where the Sind rock groups have been recognised with some degree 
of certainty, those of Cutch and Kdthidwar, where they are less distinctly 
represented, being taken separately. After noticing the tertiaries of 
Afghanistan and the western frontier, those of Assam, and finally Burma, 
will be described, the consideration of the Himalayan tertiaries being 
more conveniently postponed to the following chapter. 

The great series of tertiary deposits of Sind has been divided into the 
following groups or subdivisions, whose approximate correlation with the 
European sequence is given-— 

Mattchhar, 8,000—10,000 ft. , JjppBY wtioceut to plioccno* 


THE rANIKOT group. 
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Nari, 500- 6,000 ft . • , Upper eocene to lower miocene, 

Kirtar, 6,000 — 9,000 ft. . , Eocene. 

Rdnfkot, 2,000 ft . • . Lower eocene* 

The lowest group of the Sind tertinries, which lies with perfect con- 
formity on the Cardita beau?nonti described in the last chapter^ 
derives its name from a hill fortress of Sind Amirs, situated in the Lakhi 
range of hills, known as Ranikot and also as iMohan-kot, from the Mohan 
stream, which traverses the fortification A The Ranikot group is much more 
extensively developed in Sind than the underlying cretaceous beds, for 
although it is confined to lower Sind, and although its base is only seen 
in the Lakhi range, north of Rdnikot, its upper strata occupy a consider- 
able tract of country. 

All the lower portion of the Rdnikot group, including by far the 
greater portion of the beds, consists of soft sandstones, shales and clays^ 
often richly coloured and variegated with brown and red tints. Gypsum 
is of frequent occurrence. Some of the shales are highly carbonaceous 
and occasionally sufficiently pyritous to be used in the manufacture of alum. 
In one instance a bed of coal (or lignite), nearly six feet thick, was found, 
and a considerable quantity of the mineral extracted.^ The quality was 
poor, the coal decomposed rapidly and was liable to spontaneous com- 
bustion owing to the quantity of iron pyrites present, whilst the deposit 
was found to be a small patch, not extending more than about 100 yard^ 
in any direction. The only fossils found in the lower portion of the 
Ranikot group, with the exception of a few fragments of bone, have been 
plants, some dicotyledonous leaves, hitherto not identified, being the most 
important All the Rdnfkot beds, except towards the top of the group, 
have the appearance of being of fresh water, and are probably of 
fluviatile origin. 

A variable portion of the group, however, towards the top, consists 
of highly fossiiiferous limestones, often light or dark brown in colour 
interstratified with sandstones, shales, clays, and ferruginous bands. These 
are the lowest beds in Sind containing a distinctly tertiary marine fauna. 
The brown limestones are well developed around Lynyan, east of Band 
Vero and north-west of Kotri, and throughout the area of Ranikot beds 
near Jerruck and Tatta In this part of the country there appears to be a 
complete passage upwards into the overlying nummulitic limestone (Kir- 
thar), but in the Lakhi range the upper marine beds of the Rinikot group 
are poorly represented or wanting, and it is evident that they were removed 
by denudation before the deposition of the Kirthar limestone, for the 
latter is seen at Hothian pass resting upon their denuded edges. 

The greatest thickness of the Rinikot group in the Lakhi range, where 
alone the base of the group is visible, is about s,ooo feet, but generally 

* Memohs, XVII, 37, (1879). 1 ® Memoirs, VI, 1% (1869). 
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the amount is ratlier less, about 1,500. It must, however, be recollected 
that in this locality* som the upper marine beds are wanting, 

and as these marine limestones and their intercalated shales, sand- 
stones, etc., are 700 or 800 feet thick in places north-west of Kotri, It is 
evident that the original development of the group exceeded the 
:2,Oo6 'feet seen iO' the Lakhi range. • 

The fossils of the RAnfkot group ^ indicate a lower eocene age, though 
cretaceous affinities are not wanting. The Nautili ate all connected with 
cretaceous, rather than tertiary, types, a Tefebraiula is undistinguishable 
from T. subrolunda^ one of the commonest upper mesozoic types. On the 
other hand, the presence of nummulites, and the genera! aspect of the 
mollusca, indicate a lower eocene age. The only fossils which have beeii 
critically examined are the corals and echinoderms. In neither case is the 
result decisive, but the corals comprise, out of a total of 50 species, 7 
species identical wdth Europ ean eocene species and 5 closely allied to 
forms found on that horizon or in slightly newer rocks. 

In the Mari hills of eastern BaMchist^n the base of the strata regarded 
as numraulitic is marked throughout by a peculiar pseudo-conglomerate 
which has also been recognised in the Gaj river in Sind on the one hand 
and in the southern portion of the Suldimdn range on the other. It has 
the appearance of being composed of subangular fragments of dark grey 
limestone, imbedded in a limestone matrix of paler colour, both matrix 
and pebbles containing numerous small nummulites, though no difference 
can be traced between the forms found in the two portions of the rock. 
The resemblance o£ this rock to a true conglomerate is especially striking 
in the sections near Khattan, but the similarity of the fossils found in the 
apparent pebbles and in the matrix, the comparative uniformity in 
thickness of this band, which lies among fine grained shales, the absence 
of any known rock from which the pebbles could be derived, and the 
presence of every gradation from the most conglomerate like form to a 
merely mottled limestone, all point to the structure being in some way of 
concretionary origin.^ 

Above the pseudo-conglomerate, which has been accepted as the base of 
the tertiaries, there comes a great thickness of green and grey shales with 
interbedded impure sandstones which are, as regards both their litho- 
logy and stratigraphical position, the equivalent of the Rdnikot group in 
Sind, but owing to the fossils not having been examined and the homo- 
taxis verified, they have as yet been provisionally described as the GhAzij 
group.^ Along the outcrop of this group, from Mach in the Bolan pass to 

* A detaile \ list will be found in Memoirs^ * Blanford, Me?notrSi XX, 149, (2S83) ; 

XVn, 197, (1879). The corals and echinoderms; , R. t>. Oldham,, Records, XXHI, 91. (1B90). 
are described in Pal Indica^ series xiv, I, . ® XXIH, 95,(1890). 

pts. 2 and 3, (i8SO‘S6). , , ' 
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Hurnai, coal seams are found near top, which attain a maximum thickness 
of about three feet and have proved of great econojiiiic importance in a 
country where fuel is so scarce. The distribution of the coal seams is 
peculiar. Besides the localities mentioned, coal has been found north of 
the Thai Chotiali plain and in the Luni Pathiin country to the east, in 
every case close to the western limit of the known exposures of this group, 
while to the eastwards the group ceases to be coal bearing. As the coal 
seams were doubtless formed in marshes near the margin of the seay and 
as the only rocks known westwards of the present limit of the group are 
either older or very much newer, it would seem that the original western 
limit of deposition cannot have been far removed from the present limit 
of outcrop, at any rate, in the country east of Quetta. 

Further north, in the Suldimdn range, very similar shales are found 
immediately overlying the upper cretaceous sandstone, but they differ from 
what is seen in the southern sections in the prevalence of a red colour 
throughout the greater portion of the thickness of the shales. 

In both these areas the relation of the lowest tertiary to the underlying 
beds is one of perfect conformity, and they form part of a continuous 
system of deposits with the upper cretaceous beds, as has been mentioned 
in the last chapter. 

The Ranikot group in Sind is overlaid by the Kirthar group, so Called 
from the frontier range of hills of that name. Though inferior in thick- 
ness to several other subdivisions of the tertiary series in Sind, this group 
comprises by far the most conspicuous rock, the massive nummulitic lime- 
stone which forms all the higher ranges in Sind. It forms the crest of the 
Kirthar range throughout, and all the higher portions of the Lakhi range, 
of the Bhit range south-west of Manchhar lake, and of several smaller 
ridges, and consists of a mass of limestone, varying in thickness' from a 
few hundred feet in lower Sind to about 1,000 or 1,200 at the Gaj river, 
and probably 2,000, or even 3,000, farther north. The colour is usually pale, 
either white or grey, sometimes, but less frequently, dark grey, the texture 
varying from hard, close, and homogeneous, breaking with a conchoidal 
fracture, to soft, coarse and open. Ordinarily the nummulitic limestone 
is tolerably compact but not crystalline, and chiefly composed of Fora* 
mimfera^ especially whole or fragmentary Nummiilites ; corals, echino- 
derms, and molluscs also abound, but the two latter very frequently only 
weather out as casts. 

Throughout northern Sind, except near Rohri, no beds are seen be- 
neath the Kirthar limestone. The remarkable range of low hills, surround- 
ed by Indus alluvium, and extending for more than forty miles south from 
Rohri, consists of nummulitic limestone, having a low dip to the westward, 
and a considerable thickness of pale green gypseous clays, with a few bands 
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of impure dark limestone and calcareous shale, is exposed benerth the lime- 
stone forming the eastern scarp of the hills, on the edge of the alluvial 
plain. No Foraminifefa have been found in these beds, although Num- 
mulites abound in the limestone immediately overlying. Several species of 
mollusca occur, but none are characteristic, and it is far from clear whether 
the oreen clays and their associates are merely thick bands intercalated in 
the fimestone, or whether they belong to a lower group. Probably these 
argillaceous beds of the Rohri hills represent some of the marls, shales 
and clays forming the lower portion of the upper Kirthar group on the 
.Gaj river. 

Ill some places west of Kotri a band of argillaceous and ferruginous 
rock is found close to the base of the Kirthar group, it is mainly composed 
of brown btematite, weathers into laterite and appears to be found over a 
considerable area near Kotri and Jerruck. 

It has already been mentioned that the Kirthar limestone rests uncon- 
formably on the R^nikot group in the Lakhi range. The Kirthar group 
here cannot be much more than 500 or 600 feet thick, and consists en- 
tirely of limestone. To the south-east, towards Kotri and Tatia, there is 
no unconformity between the R^nlkot and Kirthar groups; on the 
contrary there is an alnaost complete passage between the two, and the 
limestone of the latter becomes much split up and intercalated with shales 
and sandy beds. This is even more the case further to the south-east in 
Catch, where the whole group consists of comparatively thin beds of 
limestone, interstratified with shales. To the south-west the massive 
limestone dies out altogether, and although it is well developed in the 
southernmost extremity of the Kirthar range near Karchat, about 50 
miles south of Sehwdn, it disappears entirely within a distance of 
13 or 14 miles, and is entirely replaced by shaly limestones, shales, 
and thick beds of sandstone in the ranges on the Hab river. Some 
rather massive beds of numinuliferous dark grey limestone, very 
different in character from the pale coloured Kirthar limestone, are 
found west of the Hab, but their precise position in the series is not 
known, and the rooks appearing from beneath the .Nari group, in the 
place of the Kirthar limestone, consist of shales and sandstones, with 
some calcareous bands abounding in nummuliies, and closely re- 
sembling, both in character and in the species of Fofaminifera they 
contain, the nummulitic shales beneath the massive limestone on the 
Gaj river. 

The most characteristic fossils of the Kirthar group are Nummuliies and 
Alveolinct^ the extraordinary abundance of individuals rendering it usually 
easy to recognise even small fragments of the rock by the organisms 
preserved in it Many of the species, and especially the Foraminifera^ 
are characteristically eocene, and there can be no question that the 
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numiniiHtic limestone of India is a continuation of the same formation 
in Europe. Several species pass from the Rdnfkot beds into the Kirlhar 
group ; indeed, the palaeontological differences between the two appear 
to be principally due to a change of conditions from the shallow muddy 
water of the Rdnfkot to the deeper clear sea of the Kirthar beds. 

The result of Messrs. Duncan and Sladen’s examination of the 
echinoderms does not altogether bear out the conclusions regarding the 
relation between the Kirthar and Rdnikot groups expressed above. They 
found no less than 63 out of 70 species being peculiar to the group, and 
the horizon of the remaining 7, which are supposed to have been obtained 
from the RAnfkot group, is very doubtful.* Caution is, however, neces- 
sary in applying the palaeontological results obtained from a single order 
of animals, and the conclusions based on the general palaeontology and 
stratigraphy of the two groups may be accepted in spite of this apparent 
contradiction. 

In eastern Baluchistdn the Kirthar limestone appears to be largely de- 
veloped in the Mari hills and south of the Bolan pass, having been 
given the local name of Spintangi in this region. Between Hurnai and 
Quetta it has been very much reduced in thickness by denudation previous 
to the deposition of the Siwdliks. The relation of the Kirthar, or Spin- 
tangi, limestone to the underlying shales is one of perfect conformity by 
interstratification, and there is reason to believe that to a certain extent 
the Spintangi and Ghdzij, or Kirthar and Rdnfkot, groups merely represent 
different conditions of deposition and are partly of contemporaneous origin. 

The Spintangi limestone has frequently a nodular structure that makes 
it weather into an aggregate of rounded lumps, easily mistaken fora conglo- 
merate; so much so that three practised geologists have each recorded the 
fact that, after crossing the boundary of the Siwdlik conglomerate in the 
Bolan pass, they walked for some distance over the nummulitic limestone 
before discovering the change. 

Another peculiarity of the group in the Mari hills is the occurrence of 
thick beds of gvpsum, interstratified with the clear limestones and green 
shales. The Vhickness of these beds in the country east of Khattan is 
very considerable, one bed of 5® fo^t thick, besides four others ^ 

.mting 33, having been seen near Mamand.^ Whether they were originally 
deposited as gypsum, or are due to the subsequent alteration of limestone 
beds their occurrence among distinctly marine beds is not easy to account 
for. ’on the east flank of the SuMimdn range the Kirthar group does not 
appear to be present in its characteristic form, but some thin beds of white 
nummulitic limestone overlying the shales regarded as the probable 
equivalent of the RAnfkot group may represent it. 

'Pal. Indica, series xiv, I, pt. 3 . P' 24 S> j ® XXV, “4, (lSy2). 

(1884). 
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In westenv Rdjputdna two outcrops of Hummulitic rocks are known, 
the larger one north-west of Jaisalmer, the smaller near Koilath, thirty miles 
west-south-west of Bikaner. The rocks represented are a white nuni- 
muliferous limestone,: resembling that of the Kirthar group of Sind, and 
shaly beds, mostly grey and impregnated with salt, though a very fine 
grained pale buff coloured fuller’s earth is also found and quarried for 
export under the name of Multani mitti. In jaisalmer a bed of ferru- 
ginous lateritic rock, like that found near Kotri, is associated with the 
nummulities. The rocks of these exposures resemble thore of the Kir- 
t liar group as seen east of Sukkur, and there is good reason to suppose 
that thev are of the same age and indicate an easterly extension of the 
niiramulitic sea.^ 

Tlia series of tertiary rocks aboTe the Kirthar nummolitk limestone is 
superbly developed and very well seen in the hills on the frontier of upper 
Sind whose culminating ridge is known as ti e Kirthar. The names of 
the teitiary groups overlying the nummulitic formation have consequently 
been derived from places in this range, and the Nari group takes its title 
from a stream which traverses the lower portions of the range, where 
it is composed almost entirely of Nari beds, for a considerable distance, 
and issues from the hills vrest by north of Sehwan.® The present sub- 
division comprises at its base the uppermost bands of limestone contain- 
ing Nummulites^ the species N, garansensis and N, siiblsevigata 
being distinct from those so comnicnly found in the Kirthar sub- 
division, and the limestone itself is usually distinguished by its yellowish 
brown colour, and by being in comparatively thin bands, interstra- 
tified with shales and sandstones. Several other fossils, besides the 
nummulites, differ from those in the Kirthar beds. Not unfrequently, 
however, there is an apparent passage from the white or greyish white 
Kirthar limestone into the yellow or brown Nari rock, and the two groups 
appear always to be perfectly conformable, but no intermixture of the 
characteristic species of nummulites has been detected,, and the division 
between the Kirthar and Nari beds can always be recognised by the fossil 
evidence. 

in some places the lower Nari beds consist almost entirely of brown 
and yellow limestones , but more frequently the limestone bands are 
subordinate,, dark shales and brown, rather thinly bedded, sandstone 
forming the mass of the rocks. The limestone bands are often confined 
to the base of the group, and always diminish in abundance and thickness 
above, although they are occasionally found as much as 1,500 feet above the 
top of the Kirthar group. These shales and fine sandstones, with occasional 
bands of limestone, constitute the lower „Naris, and pass gradually into 

'^ Records, XlX„i59. (s886). i . ^ Memoir XVII, 49. 
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the coarser, massive, thick bedded sandstones that form the greater portion 
of the group, and attain a thickness of 4,000 or 5,000 feet. On the flanks 
of the ICirthar range a few bands of clay, shale, or ironstone, are inter- 
stratified with the sandstones, and bands of conglomerate occasionally 
occur. The Nari beds in their typical form extend throughout the eastern 
flank of theKirthar range, and occupy a belt of varying width, from one 
or two miles to as much as ten miles in breadth, between the undeilj/ing 

Kirthar and the overlying Gaj beds. 

On the western side of the Bhagotoro hills, foar or five miles south of 

Sehwan, there is a break in the Nari beds, and some variegated shales, 
clays, and sandstones, richly tinted in parts with brown and red, which 
represent the upper Nari sandstones, rest unconforraably on the denuded 
edo-es of the lower Nari limestones and shales. The break is evidently 
local. To the east of the Lakhi range the Nari beds are entirely wanting, 
and it appears very possible that they have never been deposited in this 
portion of the Indus valley. From the neighbourhood of Sehwan to 
Jerruck, the Manchhar beds rest with more or less unconformity on the 
Kirthar, a very faint and imperfect representative of the Gdj group 
occasionally intervening. But west of the Lakhi range, throughout lovver 
Sind, the Nari beds are exposed almost wherever the base of the Gaj 

o-roup is seen ; they increase in thickness to the westward, and the Hab 

valley, from the spot where the river first forms the boundary of British 
territory to the sea, consists entirely of these strata. T here is, however, 
no longer anv such marked distinccion between the subdivisions of the 
tertiary series as is found in the Kirthar range. The disappearance of 
the Kirthar limestone has already been mentioned, and with it the lower 

Nari limestones also disappear, so that it is no longer possib e to draw a 
distinct line between the two groups. 1 he two groups can still be traced, 
although the dividing line between them is obscured as the ca careous 
shales, with the characteristic Kirthar nummuhtes below, and the mas- 
sive Nari sandstones above, are still recognisable. Beds .‘‘f 
limestone, too, full of Orbitoides papyracea, or O. fortm, occuv m he ari 
beds of the Hab valley, but instead of being found at the base they 
appear in the middle of the group. Again, just as there is a difficulty in 
d stinouishiiig tlie Naris from the Kirthars at their base, so the beds 
a he top of the former group can only be separated by an arbitrary line 
from the overlyin- Gdj beds. In the Kirthar range the upper boundary 
of the Nari group, although there is no unconformity, is distinct and de 1- 
nite. limestones ivith marine fossils of the Gaj group resting immediate y 
upo; the upper Nari sandstones. But in southern Smd bands of limestones 
or calcareous sandstone, with marine fossils, some of which are well 
marked Gdj soecies. occur in the upper part of the Nan 
limestone bands with the mu Orbitoides papyracea are found in the 
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The sandstoiies, which form so large a portion of the Nari group 
ill upper Sind, have hitherto proied destitute of animal remains, but 
the occasioiial interstraiihcations of shales and clays often contain 
fragmieiits of plants^ ^ some ili marked impressions, probably due to 
ihvcoids, have been foun^ the sandstones themselves. There appears 
a probability that these sand.Tones may be of fluviatile, and uot marine 
origin, and although some species pass from the ICirthar, and even 
from the Ranikot, group into the lower part of the Nari group, the 
fauna is chiefly distinct and marks a higher horizon. The most 
marked change is in the F0ra7ninijeray because they are so abundant 
and characteristic, whole beds of limestone towards the base of the 
Nari group being entirely made up of three species, distinct from those 
occuiTing in the Kirthar group, Ntifnmulites garansensis^ sublsezigaia 
and Orbitoides 'papyracea, the last named frequently of large size, and 
reaching two or three inches in diameter. One of these species of Num- 
muUtes {/V. gafafisensis) is of importance, because it occurs in Europe, 
as in Sind, in the highest strata characterised by the abundance of the 
genus, those beds being at the base of the miocene. Nummulites 
siiblssvigata is peculiar, so far as is' known, to India. 

Several of the molluscs and echinoderms of the Nari beds also, such 
as Siliqiiaria g7'anti^ Sola7‘iu7n affiTtey Venus granosa^ and Clypeaster 
pi^ofuncius^ show distinctly miocene affinities, and some of these pass up 
into the G^j group. At the same time there are so many eocene forms 
present, such as Natica patula^ N, sigareiina^ Osirea flabellula, Voliita 
jugosa^ etc., that it is somewhat difficult to decide to which subdivision 
the Nari beds should be assigned. They probably occupy an intermediate 
position, corresponding to the oiigocene of continental geologists, a con- 
clusion which is borne out by the detailed examination of the corals and 
echinoderms. 

The lower Nari limestone is found in its typical form as far north 
as Bibi Ndiii in the Bolan pass, where it is overlaid by some grey 
sandstones and mottled beds, which probably represent the upper Nari 
of Sind. The lower Nari limestone, with Numinuliies garimsensis^ N . 
siiblcevigata and Orbitoides papyracea^ has not been found north of this, 
but to the north of the Gandah^ri hill, 20 miles east of Dera Bugti, and 
along the eastern slopes of the Suldimdn range, a series of sandstones, with 
subordinate bands of conglomerate and clay, occupy a position intermediate 
between the upper eocene and the overlying Siwaliks. They are described 
as apparently conformable to both, and were, regarded by Dr. Blanford as 
probably the equivalents of the upper Nari of Sind. 

Resting upon the Nari group,, almost throughout Sind, and forming 
the base of the upper tertiary series, there is found a mass of highly 
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fossiliferous limestones and calcareous beds, usually more or less shaly 
ahvctys distinctly stratified, and easily distinguished from the limestones 
of the older ten iary formations by the absence of nummulites. A superb 
sectioiv of the strata forming this group is exposed on the banks of the 
Gcij river, from which its name is derived.^ 

On the eastern flanks of the Kirthar range in tipper Si iid, the Gaj 
group forms a Gonspicucus ridge, the hard dark brown limestone bands 
near the base of the formation resisting the action of deriodalion far n ore 
than the soft sandstones of the Nari beds, and rising every here and tlicre 
into peaks of 1,000 and 1,500 feet, or even more, scarped to the 
westward and sloping to the east, Amrn, the highest summit of the Gaj 
ridge, being 2,700 feet above the sea. Still, the limestone bands, although 
so conspicuous, are subordinate, the greater part of the group consisting 
of sandy shales, clays with gypsum, and sandstones tow’ards the base. 
Many of the bands of limestone appear very constant in position and may 
be traced for a long distance ; they are dark brown in colour as a rule, 
but one bed is white and abounds in corals and small F&raminifera 
whilst some of the darker bands contain Echmod^rmata in 
iarge quantities. 

The uppermost portion of the group is usually argillaceous, being 
chiefly composed of red and olive clays with white gypsum, and these beds 
pass gradually into precisely similar strata belonging to the overlying 
Manchhar group. 'I he: passage beds contain Corbula trigonalis^ Lucina 
{Diplodonta) incerta Teliinu subdonacialis, Area larkanensis^ amongst 
other fossils, such as TurritsUa augulata^ and forms of Ostrea and 
Placuna, 

All of these have allies living in estuaries at the present day, Area 
gra7iosa^ a recent representative of A* larkanensis^ being one of the com- 
inonest and most typical of Indian estuarine mollusca. To these estuarine 
passage beds further reference will be made presently when the relations 
of the Manchhar to the Gdj beds are discussed. 

The GSj beds at the G^j river are very nearly 1,500 feet thick, but 
they appear to be less developed to the northward in the Kirthar range, 
and not to be much more than half the thickness named west of Larkhctn^i, 
where, however, they are nearly vertical .and have probably suffered from 
pressure. In lower Sind, the Gdj group, like the Nari, disappears to the 
eastward of the Lakhi range, where it is either entirely wanting, or 
else represented by a thin band at the base of the Manchhar group, 
containing one of the characteristic fossils, Ostrea mulheosiaia, 1 here 
is, however, a very large area of Gdj beds north and nortli'-east ot* 
Karachi, and the appearance of the formation here is somewhat different 
from what it is in the Kirthar range, for the greater portion of the group 

' Mmiohs^ XVn, S3$ 
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consists of pale coloured limestones, almost horizontal or dipping at very low 
angles, and forming plateaux 400 or 500 feet high, bounded by steep 
scarps, which rise from the low ground of the soft Nari sandstones east of 
the Hab valley. A low range of hills, formed of Gdj beds, extends to the 
south-west, past the hot spring at Pir Mangho (Mugger or Manga Pir) to 
the end of the promontory known as Cape Monze, and the same beds form 
the low hills east and north-east of Karachi, and furnish the materials of 
which the houses of the town are mostly built. A small island called 
Churna, in the sea west of Cape Monze, also consists of Gdj rocks. To 
the northward the Gaj area of lower Sind extends with very irreo-ular 
outline to the neighbourhood of Tong and Karchat, almost due west of 
H^la, and there are several outliers farther north, connecting the southern 
portion of the group with the typical outcrop in the Kirthar rancre, 
East of Karachi, Gaj beds extend in the direction of Tatta, until they 
disappear with the other tertiary rocks beneath the alluvium of the 
Indus. It is quite possible that the present group, as well as the Nari 
never was deposited in the neighbourhood of Kotri and Jerruck. 

It has been already stated that the Gaj beds, throughout the greater 
portion of the Kirthar range, rest conformably upon the Nari group, 
although there is a change in mineral character, and that, in lower Sind 
the passage from one group into the other is gradual, calcareous bands, 
with Gij fosssils such as Ostrea multicostata and Pecten subcorneus^ 
being found interstratihed with the uppermost Nari sandstones. At one 


place, however, near Tandra Rdhim Kh^n, west by north of Sehwan, the 
outcrop of the G^j beds, here dipping at a high angle to the westward 
runs nearly in a straight line across the mouth of a valley, composed of a 


deep synclinal of the Nari group between two anticlinal ridges of Kirthar 
limestone. As the G^j beds do not share the synclinal curve of theNaris, 
it is difficult to see how the two can be conformable, but an examination 
of the boundary between the two groups failed to show any clear evidence 
of unconformity. There are, however, some places south of Sehwan 
where the Gdj^ group overlaps the Nari beds and rests upon the Kirthar 
limestone, but it must be recollected that the Gdj group is itself overlapped 
by Manchhar beds in the immediate neighbourhood. 

The commonest and most characteristic fossils of this group are Ostf'ea 
multicostata ^ and Breynta carinata: There cannot be any question that 
the Gdj jauna is newer than eocene ; some of the species are recent (for 
instance, Dosima pseudoargus is identical with the recent Z>. exasperata)^ 
and it is probable that many others, when tiiey are compared with recent 
foims more carefully than has hitherto been done, will prove to be the 

Ut is not quite certain whether this ,D»Archiac and Haime. There is another 
species IS identical with the European form, species known by the same name and found 
but It IS certainly the shell figured by Messrs, in triassic beds in Europe. 
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same as living species. Several genera, too, as Mareiia^. Sre}mm 
Meomu^ Ec hi nodi sens Clyf caster^ Clada^ora^ and are rare or 

onknown in the older tertiaries, and there is almost a complete diappeai- 
ance of eocene forms, very few species being common even to the Nari 
•beds, .. 

The only mammal yet obtained from the Gdj beds is Rhinoceros siva- 
lensk—^ species found also in the Siwiliks. 


The highest subdivision of the tertiary series in Sind was originally 
named^ from a large lake, the Manchhar, a few miles west of Sehwan, but 
there can no longer be any doubt that in age, as well as mode of origin, 
they are part of that system of pliocene fresh water deposits which, under 
the name of Sivvilik, ranges round the extra-peninsular area from Sind 
to Burma. It will be w’ell, however, to retain the local name in the 
description of the Sind Siwdliks, 

The Manchhar series of Sind consists of clays, sandstones, and conglo-. 
merates, and attains a thickness of but little, if at all, less than !o.ooo feet 
In places on tiie flanks of the Kirthar range. Although it is difficult to 
draw an absolute line between the subdivisions, the whole group may be 
divided, wherever it is well exposed, into two portions. The lower consists 
mainly of a characteristic grey sandstone, rather soft, moderately fine 
grained, and composed of quartz, wdth some felspar and hornblende, to- 
gether with red sandstones, conglomeratic beds, and, towards the base, 
red, brown, and grey clays., the latter, however, being much less largely 
developed than in the upper subdivision. The conglomeratic beds chiefly 
contain nodules of clay and of soft sandstone, apparently derived from 
beds precisely similar to those of the typical Siwdliks, but, so far as has 
been observed, do not contain any fragments derived from the older tertiary 
rocks, no pebbles either of the characteristic G^j limestones or of the 
still more easily recognised nummulitic limestone of the Kirthars having 
been noticed in the beds of the lower Manchhars, although both abound 
in the upper strata of the group. These conglomeratic beds of the lower 
Manchhars are frequently ossiferous, the bones and teeth contained iu 
them beings however, usually isolated and fragmentary. 

The upper Manchhar subdivision, where it is best seen on the flanks 
of the Kirthar range west of I^rkhina, is thicker than the lower, and 
consists towards the base of a great thickness of orange or brown 
clays, with subordinate bands of sandstone and coogioinerate. The 
sandstones are usually light brown, but occasionally grey, like the charac- 
teristic beds of the lower subdivision* The higher portion of this upper 
subgroup contains more sandstone and conglomerate, and ihe whole is 

^ XV U, 57, ( f S79} . 
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capped by a thick band of massive, coarse conglomerate, which forms a con- 
spicuous ridge along the edge of the Indus alluvium throughout upper Sind. 
Xliis conglomerate contains numerous large pebbles of nummulitic and 
Gaj limestone, together with fragments of quartzite and other rocks of 
unknown origin. Throughout the conglomeratic beds of the upper Man- 
chhars, pebbles of nummulitic limestone and of the brown GAj limestone 
occur, showing that these older tertiary beds must have been upheaved. 
and denuded in the latter Siwalik period, although there is a complete 
passage between the GAj beds and the lower Manchhars. 

I'here appears, however, good reason for supposing that some dis- 
turbance of the older rocks took place before the deposition of the lower 
portion of the Manchhar group. To the east of the Lakhi range the Manchhaj- 
beds, themselves disturbed, rest unconformably on the beds of the Kirthar 
group, which are vertical in many places, so that it is manifest that the 
Kirthars had, in this locality, been upheaved before the deposition of the 
Manchhars. The presence of the lower portion of the latter series appear- 
ing to be proved by the occurrence of teeth and bones of the same mam- 
mals as are found in the lower Manchhars elsewhere. 

In one case a few estuarine fossils were found, near the Nari stream, 
in a Manchhar bed 300 or 400 feet above the base of the group. The 
only form recognised wsls Corbuia trigonalts^ already mentioned as charac- 
teristic of the estuarine passage beds between GAj and Manchhar. With 
this exception, and that of some rolled oyster shells, possibly derived from 
a lower formation, no marine or estuarine fossils have been observed in 
the Manchhar beds of upper Sind, above the passage beds at the base of 
the group, and there appears every reason to believe that the group is of 
fluviatile origin. 

In lower Sind, however, there is a very considerable intercalation of 
marine or estuarine beds with the Manchhars, and this evidence of depo- 
sition in salt water increases in the neighbourhood of the present coast. 
Around Karachi beds of oysters, and sometimes of other marine or estu- 
arine shells, are not unfrequently found interstratihed with the Manchhar 
group. There is also some change in mineral character, the sandstones 
becoming more argillaceous and associated in places with pale grey, 
sandy clays and shales. The passage from the Gdj beds is very gradual, 
calcareous bands with Gdj fossils, such Osirea ?nuUicostata and Pecten 
suhcornem^h€mglQ\kXi6. some distance above the base of the Manchhar 
group. 

Although there is no difficulty in drawing a line between Manchhar and 
Gaj beds, except in the neighbourhood of the coast, everything tends to show 
that there is no break in time between thetwo, the lower portion of the upper 
group being an estuarine or fluviatile continuation of the underlying marine 
beds. But the great thickness of the Manchhar group in upper Sind 
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alone would suffice to prove that a considerable period of time must have 
elapsed during the deposition of this formation, and it is far from improb- 
able that the lower Manchhars may be upper miocencj whilst the upper 
Mancbbars are pliocene. 

The Manchhar beds extend along the age of the alluvium, and form a 
broad fringe to the Kirthar range, throughout upper Sind from west of 
Shikdrpur to the Manchhar lake, but the breadth of the outcrop varies 
greatly, being as much as 14 miles where broadest west of Litrklulna, and 
diminishing* both to the north and south. As already noticed, the Man- 
chhars are thickest just where their outcrop is widest ; the breadth of the area 
occupied by them is not, however, due simply to their vertical development, 
but chiefly to their forming a synclinal and anticlinal roll before disappearing 
beneath the alluvial plain, whereas in other parts of the range the same 
beds are exposed in a simple section, all the strata dipping to the east- 
ward. To the north the section is complicated by faults, but to the south 
the thickness of the Manchhar group diminishes greatly, and near Tandra 
Rdhim Kh^n, west of Sehwan, although both upper and low^er subdivisions 
of the group are developed and the uppermost conglomerate is exposed, the 
whole thickness of the Manchhar strata cannot be much more than about 
3,000 feet. The Manchhar beds are seen west, south, and east of the 
Manchhar lake ; they are well developed and occupy a large plain to the 
east of the Lakhi range, and west of the numrnulitic limestone tract, near 
Kotri and Jerruck, they re-appear in many places in the different synclinal 
valleys to the west of the Lakhi range, and they occupy a considerable tract 
of country east and north-east of Karachi. Throughout these areas in 
lower Sind the rocks are not nearly so well seen as to the northward, the 
soft sandstones and clays of the Manchhar group having been denuded into 
undulating plains, covered and concealed in general by the pebbles and 
sands derived from the comparatively hard older tertiary rocks of the 
neighbouring hills, and it is far more difficult than in upper Sind to 
distinguish the different portions of the group, or to form a correct idea 
of the thickness of strata exposed. 


The Manchhar beds extend along the edge of the sea west of Karachi, 
almost to the end of cape Monze, but no representative of this formation 
is seen for a considerable distance to the westward of the cape. I he 
greater part of the country near the shores of Sonmiani bay consists of 
alluvium, and the few exposures of rocks are older tertiary, or perhaps 
cretaceous, a low cliff near the coast, north of Gad£ni, being apparently 
composed of subrecent deposits. But west of Sonmiani bay, in the 
neighbourhood of HingUj, a well known place of Hindu pilgrimage, 
there are high hills of hard greyish white marls or clays, usually sandy 
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often bighly calcareous, and occasionally intersected by veins of gypsum. 
With this clay or marl, bands of shaly limestone, dark calcareous grit, 
and sandstone are interstratified, usually forming but a small portion of 
the mass, although their greater hardness renders them conspicuous. This 
marl formation extends for many hundreds of miles along the coasts of 
Baluchistan and of the Persian Gulf, forming great horizontal plateaux, 
surrounded by cliffs of whitish marl or clay and capped by dark coloured 
calcareous grit, at the headlands of Ras Mal^n, Ormdra, and Gwadar, Ris 
Maltin especially being a table land rising abruptly to a height of 2,000 
feet from the sea. These remarkable rocks have been called the Mekran 
group ^ from the name usually applied to the littoral tracts of Baluchistan. 

The Mekran group is of shallow water marine origin, and abounds in 
mollusca, echinoderms, etc., many of the species being apparently the same 
as living forms. The echinoderms alone haveas yet been examined in detail, 
they belong without exception to living genera, while most of the species 
are very closely allied to recent forms, and one species alone is doubtfully 
identical with a G^j form. The general facies of the fauna is distinctly 
pliocene.® 

Although there is no resemblance between the typical Manchhar beds 
and the characteristic rocks of the Mekrin group, nor, from the widely 
different conditions under which the two formations must have been de- 
posited, would any similarity in mineral chaiacter be probable, some of the 
soft argillaceous shaly sands in the Manchhar beds near Karachi closely 
resemble some similar beds in the Mekrin group near Gwadar. As all 
that is known of the geology of w^estern Baluchistdn is the result of 
brief visits to a few wndely separated points, it is uncertain to what 
extent the rocks of Sind extend to the westward, and whether any 
representatives, of the GAj group especially, exist in that direction, but 
it appears probable that the marine Mekrdn group in western Baluchistan 
represents the fresh water Manchhar series of Sind, 

The only fossil remains of any importance hitherto detected in the 
Manchhar series are bones of mammalia, and all that have been recog- 
nised belong to the lower Manchhars, the upper subdivision of the group 
having hitherto furnished only a few bones, in too poor and fragmentary 
a state of preservation for the species, or even the genera, to be deter- 
mined. The few estuarine shells found in the lowest Manchhar beds in 
upper Sind, and a portion at least of the marine fossils procured from a 
similar horizon near Karachi, appear to be Gaj forms, and to indicate a 
close connection between the lower Manchhars and the underlying group* 

W. T, Blanford, Records^ V, 43, {1S72) ; | ^ Duncan and Sladen, Pal, Indica^ series 
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In places, and especially in the neighbourliood of the Laklii range, sillci- 
tied fossil wood is found in abundance in the Manchhar beds, steins 
of large trees being of common occurrence; The majority are dicotvle- 
clonous, but some fragments of monocotyledons are also found. 

The vertebrate remains are extremely fragmentary; and chiefly consist 
of single teeth and broken portions of bones, ^ and the fauna is chiefly 
remarkable for the prevalence of artiodactyle ungulates, allied to pigs, or 
intermediate between pigs and ruminants. The majority of the genera 
are extinct ; Rhinoceros, SuSy and Mants being the only living types, and 
the last named has only been recognised from a single digital phalange, 
so that the generic identification is far from sufficient. Roth Rhinoceros 
and existed in miocene times, Aniphicyon, Anihrocofheriumy 

Hyopotamns, Dinotkerinm^ which are also found in the Manchhar, are 
not known to occur in Europe in beds of later date than mioceme. The 
Hemimeryx Si^^ are peculiar, both being allied to the 

hferycQpotmnus. 

The species found also in the pliocene Siwaliksare Rhinoceros palecln- 
dicuSy Acerotkerium perimensOy Cbalicotherium sivalensey Sus hysudricteSy 
Dorcatheriiim majuSy D. minuSy Mastodon latidenSy and M., falco?ieri; 
but as the presence of these forms in the Manchhars is inferred for the 
most part from fragments, the identifications are by no means quite 
certain, whilst the general facies of the fauna, the absence of characteristic 
living forms like EquuSy BoSy Anttlopey CerzmSy and ElephaSy and the 
presence of several extinct genera not hitherto detected in the Siwaliks, 
show that the mammaliferous beds of Sind are of older age than the typi- 
cal Siwalik strata. It should be recollected, moreover, that the precise 
horizon at which the Siwilik forms are found is but rarely known with 
accuracy, that some of the Siwalik strata are as old as the lower Man- 
chhars, if not older, and that a portion at least of the older types of mam- 
mals are from beds low down in the Siwalik series. None of the remarkable 
series of types allied to the giraffes and Sivatheriumy nor of the peculiar 
bovine and antilopine forms so characteristic of the Siwdlik fauna, have as 
yet been found in Sind. The only ruminant detected in the Manchhar beds 
is the miocene DorcatheriuMy and the place of the more specialised 
Pecora appears to, have been occupied by the less specialised even toed 
ungulates allied to the pig. While, therefore, it is probable that some 
extinct types, such as afnd HyopotamuSy which are not 

known in Europe above the lowTr miocene, existed in India at a somewhat 
later period, together with species which survived till pliocene times, it is 
evident that the lower portion of the Manchhar group can scarcely be 
considered of later date than upper miocene. The pal^e ontological 

1 Details will be found in Mr. Lydekker»s | 225 ; XI, 64, 77 , 1% and Pak 

papers in Reco^dsy IX, 91 , 93, % X. lndicay series x, 
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evidence is in accordance with the geological, and both show the close 
connection between the lower Manchhar beds and the Gdj group. 

Further north, in the country between Sibi and Quetta the Siwaliks 
rest with a slight, but distinct, unconformity on the Spintangi limestone. 
There is everywhere a perfect parallelism of stratification between the 
two and a superficial appearance of conformity, but on a close examina- 
tion it is seen that there are slight, though distinct, traces of erosion at the 
contact, that pebbles of nummiilitic limestone are found near the base of 
the Siwaliks, and that there is a progressive thinning out of the nuramulitic 
limestone from east to west by removal of the upper beds. The lower 
Siwiliks, which are conspicuous on the section in the Bugti hills further 
east, are represented by greenish and grey sandstones which do not at- 
tain a thickness of much over loo or 200 feet. Above them the upper 
Siwaliks consist principally of red eaithy clays, with interbedded sand- 
stones, which become more and more frequent till it becomes a sandstone 
formation with subsidiary bands of clay and conglomerate, the whole capped 
by a great thickness of strong conglomerates. 

These Siwaliks extend westwards, in the country intervening between 
the Bolan and Hurnai routes to Quetta, almost to the Quetta plain, but 
their original western extension has been obscured. In the valleys of 
Quetta and Pisliin there are some deposits of conglomerates and red clays 
which have in places undergone considerable disturbance, and have been 
referred to a Siwdlik age.^ On the accompanying map they have been 
coloured as upper tertiary, but, as they appear to be distinct in age and 
origin from the Siwaliks referred to above, and much more closely con- 
nected with the recent deposits, their description will be deferred to a 
subsequent chapter.® 

In the Bolan pass, in the Gandak valley, north-east of Quetta, and 
doubtless in many other valleys of these hills, there are sandstone and 
conglomerate deposits which have undergone considerable disturbance, 
and dip at high angles. In accordance with the custom, which separates 
the deposits which have undergone considerable disturbance from the un- 
disturbed recent deposits that unconformably overlie them, these have been 
called Siw^iik, but they are in a manner distinct from the older Sivvdlik^ 
for the former were deposited after the valleys, in which they lie, had been 
excavated, while the latter date, in this neighbourhood, from a time when 
the disturbance of the strata and consequent elevation of the hills had not 
commenced. 

In the Bugti hills and southern portion of the Suldimdn range, the 
lower Siwaliks, which attain a maximum thickness of 5,000 feet, have the 
appearance of lying conformably on the nummulitic. limestone. They 

^ W. T. Blanford, Memoirs, XX, 1 17, (1883). 1 2 p, 416. 
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consist of moderately soft, fine grained, pepper and salt grey, sandstone, 
interstratified with conglomeratic beds, composed of fragments of clay and 
soft sandstone, apparently derived froni contemporaneous deposits, im- 
bedded in an argillaceous matrix and unaccoinpanied by any pebble of 
harder rock. Clay beds also occur and are usually of a red colour. 

In the lower beds of this group vertebrate remains occur in consider- 
able abundance near Dera Bugti, among which are Mastodon^ Rhinoceros^ 
Dmotherium, Anthracotheriiim^ and Hyopotamus, lllie vertebrate fauna 
has a distinctly miocene facies and is associated with seven species of 
fliiviatite mollusca, of which four belong to the genus Unio^ two to Melania 
and one to Paludina* All seven are extinct, and none are nearly related 
to forms now living in western India, though two are allied to species 
still existing in Burma. Three of the species of Unio are aberrant forms 
with ribbed shells, exhibiting a superficial resemblance to the marine genus 
Cardiumd 

East of the Siildiinau range the upper Siwdlik conglomerate is on some 
sections overlaid by a more recent conglomerate deposit, which has been 
disturbed and dips towards the plain at moderate angles. The newer 
conglomerate has the appearance of passing upwards into the recent 
deposits, and though it has been regarded as uppermost Siwdlik ® should 
probably, like the disturbed river gravels of the Bolan valley, be more 
correctly classed as recent than as tertiary. 


The various localities referred to in the previous passages form part of 
one geological province throughout which the lower tertiaries maintain a 
certain constancy of character, allowing the rock groups on one section 
to be recognised on another, but when we pass northwards to the Punjab, 
or north-westwards to Afghanistan, it is no longer possible to apply the 
subdivisions adopted in Sind, and a fresh classification has to be adopted. 
Before passing on to these areas it will be well to notice the exposures 
to the east, in which the Sind subdivisions can be more or less recognised. 

The tertiary rocks in the Cutch peninsula occupy a belt, varying in 
breadth from about four miles to twenty, between the alluvium near the 
coast and the older rocks in the interior of the country. Tertiary 
formations also fringe the Deccan traps and Jurassic beds, on the borders 
of the two openings by which the Rann of Cutch communicates with 
the sea east and west of the province, and patches of the same tertiaries 
are found here and there on the shores of the Rann, not only in the main 
region of Cutch itself, but also around the detached hilly tracts or islands, 
Fatcham, Kharir, etc,, and in Wigad. The evidence of unconformity 

^ W. T. Blanford, Memoirs, XX, 162, .233, |, , ® W. T. Blanford, Memoirs, XX, 219, (i88j). 

(1883). . - 
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between the eocene rocks and the Deccan traps is very strong in Cutch. 
The lava flows which appear to have covered the greater part, if not the 
whole, of the jiirassic region had been completely swept away from the 
surface of the country, and the underlying Jurassic rocks exposed and 
largely eroded in places before the eocene marine beds were deposited^ 
Despite this evidence of unconformity, there is every appearance, along 
the SGutheni border of the trap area, of the tertiary beds resting conform- 
ably on the lava flows of the Deccan period. 

The tertiaries of Cutch are far better known than those of Gujdrat and 
Kdthidwdr, the materials for the first descriptions of marine fossils from 
the later Indian deposits having been furnished by the rocks of tlie 
first named province. Attention was first directed to the Cutch tertiaries 
through the labours of Captain Grant, who carried with him to England 
a considerable collection of tertiary organic remains, together with the 
Jurassic fossils mentioned in a former chapter. In accordance with the 
ideas prevailing amongst geologists at the time, he separated nummulitic 
rocks from the true tertiaries on his map, ^ and the same distinction was 
preserved in the description of the fossils, but subsequently all the forms 
described were classed as eocene by D'Archiac and Haime.^ When the 
rocks of Cutch were mapped in 1867-69 by Wynne and Fedden, and 
described by the former, it was found that several distinct groups 
could be recognised, and that the fossils of these groups differed, and it 
was afterwards discovered that the groups corresponded very closely to 
those determined in Sind. The succession of the rocks in Cutch, accord* 
ingto Mr. Wynne, is the following, the probable Sind representative being 
appended in each case. The supposed European equivalents differ some- 
what from those originally suggested before the corresponding beds in 
Sind had been examined'^: — 


C utch. 

Alluvium, blown sand, etc. 

/ Upper tertiary 


Tertiary 


Sind. European equivalents. 

• . « AlXnmwiittc, Peistocene and recent 

200 to 500 ft, Manchhar . l-'iiocem and 




Stratified traps 


(unconformity). 

Argillaceous group 800 to 1 ,200 „ GAj . 
Arenaceous group 130 „ Nari (?) 

Nummulitic group , . 700,: Kirthar 

Gypseous shales . . ioo,.)„. „ 

Subnummulitic ‘ Ranikot 


100 


,3 


Trap 


^ This view is opposed to Mr. Wynne’s 
opinion. He considered that the lower eocene 
beds are conformable to the traps, and that 
the traps never existed in northern Cutch; 
—Memoirs^ IX, 72, (1872), 


^ Ged. Soc, 
XX, (1840). 


iniocette. 

. Aliacene, 

. LoT-ver mioc:ize an f upper 
eocene^ 

. Eocene 

. Louder eocene. 

. Uppennost etaceous. 

Trans. 2nd series., V, 300, PI. 


® Description des Animaux Fossiles du groups 
nummiiUtique de PInde, Paris, 1853. 

* Memoirs^ IX, 48, (1872). 
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The sub iitinimuli tic group consists chiefly of peculiar purple and red, 
mottled with white, soft argillaceous beds, laterite of various kinds, and 
coarse sandstones distinguished by brilliancy of colouring, white, red, 
lavender, purple, and orange tints prevaiiiiig. There are also some shales 
with irnpressions of leaves and carbonaceous layers, and occasionally with 
gypsum,. 

Some of the peculiar argillaceous beds have a distinctly volcanic aspect, 
but as they are much decomposed it is impossible to say that they are 
really of eruptive origin. The occurrence of these peculiar beds away from 
the traps, in places wdi ere there is good reason to suppose that the traps 
were removed by denudation in pretertiary times, and the fact that beds 
reeonsolidated from trap fragments must, wdien decomposed, frequently 
be undistingiiishable from a disintegrated eruptive rock, render it probable 
that these soft mottled beds are of sedimentary origin and composed of 
the detritus of volcanic rocks. Fossils are rare in the subnummulitic groiip> 
which extends along the southern edge of the traps in Cutch, overlapping 
the volcanic rocks to the westward, and resting upon jurassic rocks 
near Lakhpat. The same group is represented in several small patches, 
deposited upon Jurassic beds on the borders of the Rann, both on the 
mainland of Cutch and on some of the detached hills or islands, especially 
south of the hills in Patcham, Kharir, Bela, and Chorar, and intervening 
in the hollow between two ranges on the first named. The group is 
nowhere more than about 200 feet thick, and it frequently does not exceed 
2D feet. 

Above the subnummulitic beds there are in places from 50 to 100 feet 
of fine laminated shales, bituminous and often pyritous, with fragments 
of wood and leaf impressions. All the above rocks are classed by Mr. 
Wynne apart from the true tertiaries, and with the bedded traps. It 
appears, however, more probably correct, and more in accordance witn the 
sequence in Sind, to consider the main break in the series as taking place 
between the traps and the next formation in ascending order. 

The gypseous shales form a local and unimportant subdivision, not 
more than from 50 to 150 feet in thickness, occurring in western Cutch, 
round the Gaira hills and in a few other places. They consist of shales, 
with calcareous nodular bands and much gypsum, and with some beds 
of laterite. Some of the marly beds abound in Nmnmulites and other 
Foraminifera^ oysters, etc. 

The next group is of more importance, being the representative of 
the massive nummulitic {Kirthar) limestone of Sind. In Cutch these beds 
consist of pale yellow and wdiite impure limestones, in bands of no great 
thickness, interstratified with marls and sandy beds. The upper fiortion 
consists chiefly of marls, limestones being more abundant below ; Nummu-^ 
lites, Aiveolin^i and ecliinoderms of several kinds abound and corals 
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and mollusca are locally common. The nummulitics of Cutch are, however, 
almost confined to the western part of the province, and occupy a band 
extending from Lakhpat round the western termination of the Deccan 
trap '/range.' iir' the' Gaira.' hills. 

Upon the nummuli^ limestones and their associates there is usually 
found a thin and unimportant band of light coloured or white sand and 
sandy shales, having at the base some finer dun, or blue coloured, silty 
shales. These sandy beds are soft, friable, and obliquely laminated. In 
the lower portion of the group the carapace of a small crab and casts of 
bivalve shells have been found, in the upper part impressions of dicoty- 
ledonous leaves occur. This group, originally described as the arenaceous 
group, corresponds in mineral character and position to the upper Nari 
of m^estern Sind. 

The Gaj group of Sind is represented in Cutch by what was originally 
described as the argillaceous group, the best developed and most fossili- 
ferous of the tertiary rock groups of that district, and it is this group 
which yielded the bulk of the fossils described as tertiary in the ap- 
pendix to Captain Grant’s paper, although it appears probable that there 
were among these fossils some admixture of species from a lower horizon. 
Until the whole of the Cutch and Sind fossils are thoroughly compared 
and determined, some doubt must remain as to the original horizon of a 
few Cutch species, but when the forms are common to the Gdj beds of 
Sind, and are not known to occur in older group of that area, it may fairly 
be inferred that they are probably restricted to the same horizon in Cutch. 

The Gaj, or miocene, rocks of Cutch consist of sandstones at the base, 
with a few nodular, marly and ferruginous bands often containing Turri’- 
tella^ Venus granosa^ and Corbula, Above the sandy beds are marly 
limestones and shales, next calcareous grits, and then a considerable 
thickness of shales, clays, and marls. The most fossiliferous beds are the 
marly limestones and shales. Only the echinoderms from these beds have 
as yet been critically examined, and of i6 species no less than 8 are also 
known from the Gaj group of Sind, one being Breynia carinata^ one of the 
most characteristic GAj forms. 

The miocene beds are more extensively developed in Cutch than aro 
the nummulitics. They are found not only in the west of the province 
around the extremity of the jurassic and trap area, but eastwards, resting 
upon the subnummulitic group, as far as about half way across the province, 
lo the westward, however, the present group is overlapped by the next 
in ascending order. 

The representative of the Siwdlik rocks in the sub-Himalayaii 
tract, and of the Manchhar beds in Sind* appears to be widely developed 
in Cutch, and covers a large area, but it is very ill seen, being greatly con- 
cealed by alluvial deposits. The principal beds are more or less ferruginous 
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conglomerate, at the base, followed in ascending order b}' thick brown 
sands and obliquely laminated, nodular, calcareous, and sandy clavs. Marine 
beds, with large oysters, are intercalated, as in southern Sind. It will pro- 
bably be found on further eKamination that this uppermost tertiary group 
in Cutch, as in Sind, passes down into the underlying subdivision in 
places, although to the eastward the latter appears to have been denuded 
before the deposition of the former. The upper tertiary group extends 
throughout southern Cutch from east to west, resting on the older tertiaries 
tothe'^westward, but gradually overlapping them and the traps to the east- 
ward, and resting upon Jurassic rocks in the extreme east of the province. 


In Kdthidwdr eocene beds have been recorded from Beyt island, off the 
north-west extremity of the peninsula, by Dr. Carter,! and though the 
Geoloo-ical Survey of Kdthidwdr failed to show the existence of any lower 
tertiarv beds on the mainland, it is impossible to accept Mr. Fedden’s 
suo-o-estion''^ that the record of the presence of nummulitic beds is due to a 
confusion between Patellina and Nummulim. Dr. Carter's statements 
are too specific to allow of such an explanation, and unless he was mis- 
informed as to the locality from which his specimens came, we may accept 
the presence of lower tertiary beds at the north-west extremity of the 
KdthidwAr peninsula. 

With this exception the only known tertiary deposits are miocene or 
newer. They are found along the southern edge ot the trap area, the 
principal exposures being at the eastern and western extremities, with 
•some narrow strips in the intervening area. They lie almost horizontal, are 

much obscured by recent deposits and cultivation, and in the absence of 

any deep cut sections no good general succession has been made out. In 
the south-eastern area they consist of shales and marls, which contain many 
marine fossils, with interbedded bands of a rusty conglomerate of clay 

pellets, and agates derived from the trap. _ „ 

^ With the exception of the echinoderms, the marine fossils collected m ka- 
thidwar have not been examined in detail, but many of them are identical 
with Gdi species, and of the 13 species of Echtnodermata, 6 Hve also lound 
in the Gii c^roups of Sind, the whole distinctly indicating a miocene age.“ 
The uppermost beds of the Kdthidwdr tertiaries appear^ to be sand- 
stones and conglomerates, of which the best known exposure is that in the 
small island of Perim or Piram-not to be confounded with the island 
of similar name at the entrance to the Red Sea. Perim is and is a small 
reef of sandstones and conglomerates, only 1,800 yards long by 300 to 
300 yards broad, which first achieved a geological celebrity through the 

%xT t. T Atfi Pinm- 1 ® Ouncsn juid SUitJtjnj Pul, Inditco^ SCtlGS 

• Geological Papers on Western India. Bo ^ ut. 4, P- So, (1880). 

bay, 1857, p. 743* - \ ' ' » ’ ” ' ’ 

^ Mrinohs, XXf, 12.7,(1884). , \ , ^ 
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discovery of fossil raammalkn bones by the Baron von Htigel in 1836, 
According to the most recent examination these bones are fonnd in the 
congloinerate bands, hut principally in a conglomerate bed which lies 
considerably below high water level and is obscured by a thick covering ©f 
mud for tlie greater part of the year. During the months of April, May 
and June, howevery the south-east end of the reef becomes scoured and 
free from mud, and specimens of fossil bones can be found. As in all other 
Indian localities for fossil bones, the first collectors found a rich harvest 
in the accumulation of ages, while their successors have to be content with 
but occasional and fragmentary spedmeosA 

The known mammals from Perim island comprise ten species, of which 
iouT^ Mastodon latidens^ M\ 'perimensis^ Rhmoceros perimensis^ and 
Sus hysudf i cm common to the Siwdlik beds. All these forms are, 
however, found in other fossil faunas; Mastodon perimejtsis and S21S 
hysiidricus being met with in the lower Mancfihar beds of Sind, Rhi- 
noceros perimensls in the Irawadi deposits, and Mastodon lafidens io 
both, so that all the forms common to Perim island and the Siwdliks 
are clearly species of wide range. The absence of Elepkas and its sub- 
genera, and of bovines, and the presence of Dinotherhmi^ tend strongly 
to make the Perim island fauna appear of greater age than the Siw^lik 
generally, but, on the other hand, the presence of so highly specialised 
a genus as Capra^ if the generic determination be accepted,^ the occur- 
rence of Camelopardalis and Antilope^ and, above all, the absence, so far 
as is known, of Anthracotheriiini^ Hyopofamus and other older ungulate 
types so abundant in the mlocene beds of Sind and the Punjab, are op- 
posed to the idea that the Perim island rocks can be of higher antiquity 
than pliocene. They possibly occupy an intermediate position between 
the Siwdiiks proper and the Manchhars of Sind, but they are more nearly 
allied to the former. 


In the north-western portion of the Kdthidwdr peninsula the fossiii- 
feroiis Gaj beds are overlaid by what have been described as the Dwarka 
beds. They consist of soft yellow earthy or marly clays, gypseous in part, 
overlaid by more or less marly or arenaceous limestones, generally soft 
andjporous, largely composed of Foraminifera cemented by calcite, or of 
comminuted shells and corals. No recognisable fossils have been found 
in these beds, and their relation to the underlying fossiliferous miocene 
beds was not determinable ; it is probably one of conformity in spite of 
the sudden change of lithological character. 


^ F. Fedden, Memoirs, XXT, 39, (1884) ; see ' 
also W. T. Blanford, Memoirs,, VI, 374, (iSdp), 

2 It should not be forgotten that Capr^ 
pQriviensh is founded solely on a frontlet 


with the horn-cases, and that nothing is known 
of the greater part of the cranium, the teeth 
or the limb bones. See Lydekker, PaL Indica, 
series X, I, 83, 170, PL xxviii, fig. 4, (1884). 



AFGHANISTAN. 


325 


Oliap. XIIL] 

Fuming to Afghda -1 ilrkistdn, there appears to be, as in Sind, a perfect 
conformity between the cretaceous and tertiary beds. In the synclinal of 
Matliar, 100 miles south-east of Balkh, the upper cretaceous limestones arc 
overlaid by sandstones and greenish shales in which no fossils were found, 
except an Excgyra and Cerithmm^ and some fucoid markings and badly 
preserved remains of fishes and crustaceans. These beds ; may be 
regarded as eocene; they are overlaid by red sandstone, with a few 
clay bands and, towards the top, conglomerates composed principally of 
pebbles of upper cretaceous limestone, covered by a great thickness of sand- 
stones and shales, containing a few fresh w^ater shells and passing upwards 
into soft gypseous claysA 

Besides the exposures in synclinal basins withhi the hills, a 2:one of 
tertiary beds is found all along the edge of the alluvium of the Oxus val- 
ley, Here, however, the eocene clays are wanting and the red beds with 
conglomerates rest directly, in apparent conformity, on the upper creta- 
ceous limestone. They pass upwards with a gradual transition into the 
recent deposits, and in the upper portion of the section, there occur beds 
which are undistingiiishable from the recent wind blown loess of the Oxus 
valley.^ 


The northern extension of the Suldiman range has not been examined 
geologically, but there is good reason to suppose that the fringe of Siwiilik 
rocks is continuous with great area of tertiary deposits, extending from 
the north-west corner of the Punjab along the outer edge of the Hinullayas 
to the border of NepdI. The general description of the Himdlayan terti- 
aries, with which must be included those of the north-west corner of the 
Punjab, will be deferred to the following chapter, but it will be well to 
notice in this place a portion of the Kohdt district west of the Indus, 
where the lower tertiaries exhibit some peculiarities not noticed elsewhere, 
The eocene rocks are well developed in this region, and the section 
exposed, although only a few miles distant from parts of the Salt range, 
differs in some important points. The following is abridged from Mr. 
Wynne^s summary of the rocks exposed ; — ^ 

Tliickttcss in feet, 

/ Upper sandstones.—SolU gmy sandstones, clays and 
^ I conglomerates • « * • • • i> 5 oo 

grey and purple sand- 
^ ' ‘i stones, bright red and purple clays, slightly cal- 

\ careous and pseudo-conglomeratic bands . . 

’C.L. Gncsbacb,;?m??'£^s XIX, 355, (1886}. j (1886); , , 

" C, L. Griesbach, XIX, 257i ^59^ ' ; ® Wynne,, X!, loi, (1875). 
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Eocej^m 


■Eo€.I';hE'?' 


/ upper ntimmiilitk.— Niimmulitic limestone and some 
/ shaly bands . , • ■ .. * . • . 

\ Red day Bone^ or lower nn'mmiilitic.~—Red clay, 
} 1 avender coloured near the top, occasionally tvitfi 

i Nunimulites, The lower portion of the red clays 
! in places is partly or wholly replaced by fossilifer- 
l ous sandstones, thick greenish clays and bands of 
\ limestones, all containing Nummvlities 

tGypsu77i,—\^\ntei grey or black gj-psum with bands 
\ of clay or shale • * • * • 

\Rock ^^/iL"--Thickbeds of salt, almost pure. The 
/ base not seen . . . . . . 


Tfirelsnt’ss In i'ccS. 
6o to loo 

150 to 400 

.. 50 to; 300 ■ 

300 to 700 
(1,200). 


The region examined is the hilly tract north of the Baniin plain and 
of the Chichdli hills, and extending fronT the Indus, on the east, to the 
British frontier. The ground is traversed by a series of east and west 
ranges, chiefly formed of crushed and broken anticlinals of the nummuiitic 
limestone and the associated rocks. 

The rock salt and gypsum at the base of the tertiary series in the 
Kohdt region are very important and remarkable, 'i'he salt consists of 
a more or less crystalline mass, usually grey in colour, with transparent 
patches, and never reddish like the salt of the Salt range. A few earthy 
bands occur, but the portion of the whole mass too impure to be worked 



Fig. 18. “Hill of rock salt, 200 ft. high, at Babdclur Khel, after Wynne. 


for commercial purposes is but small, although there is no attempt at 
refining the salt, which is exported for sale in the form in wdiich it is 
mined. In some places the uppe-rmoBt layer is dark coloured, almost black.. 


Cliapr 'XIE .. , , koiiAt salt region. 


and bitiimiooiiisv The quantity of :Salt is something inaiTC m 1 ]h:‘ 

aiiiiclinal near Bahddur Khcl alone, rock salt is seen for a distance of 
abo'iit edgiit' i thickness exposed, exceeds i ,000 feet, the width 

of the outcrop.'bei'ng sometimes more than ei, quarter .of .a mile. As a nile^. 


Eflstera iS«it liiJl 



P'ig-. 19. — Section through the Bahadur Khel salt nflcr W'yime. 


the salt contains sulphate of lime (gypsum), but none of the potassium 
and magnesium salts of the Salt range beds. 

Above the salt come gypsum and clays, as in the Salt range, but the 
colours, white and grey,are very different, and the whole appearance, of both 
salt and gypsum, is so distinct from the Salt range marl that, although 
there is no indication of salt beds at a higher level in the Salt range 
itself, and although the outcrop of the salt marl close to KAlabagh on the 
Indus is only eighteen miles from one of the Kohit rock salt regions, it 
appears probable that the salt bearing rocks in the Kohdt district may 
belong to a very different horizon froni that occupied by the same miner- 
als in the Salt range series, a supposition supported by the fact that a great 
series of mesozoic and palaeozoic beds intervenes, throughout the Salt 
range, between the nummulitic group and the salt marl, whilst in Kohat 
the former rests with apparent conformity upon the gypsum and salt. It 
is by no means certain that the Kohat salt and gypsum are eocene, but, in 
the absence of any evidence to the contrary, it appears best to class 
them with the nummulitic beds immediately overlying them.^ 

Overlying the gypsum, there is usually found a thick bed of deep 
red clay, whose eocene age is proved by the occasional occurrence of 
nummulites in the upper portion. Sometimes the red clay is w^anting, and 
apparently replaced by grey or olive coloured clays, marls, and limestones 
containing nummulites, but the replacement is not clearly proved. 
Above the red clay zone come earthy limestones, clays, and shales 
with nummulites. The main band of limestone is very much thinner 
than in the Salt range, but is, as usual, massive, pale coloured, and full 
of Nummulites^ AlveolinUy' tic. The overlying formation, consisting oi 
sandstones and clays, in which dark red and purple colours predominate, 
exceeds all the eocene beds in thickness, and is probably, the sand- 

^These conchisions would have to be modi- | the salt and gypsum Is adopted, -see supra, 
fied if the hypothesis of hypogene odgin^of I ,p; Uf., 
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stones and clays overlying the nummulitic limestone of the Salt range, 
really of much later age than the limestone on which it rests. 

Pebbles of iiummuiitic limestone are said ^ to be found in the lowest 
beds of the sandstone, and some reptilian bones (not determined), silici- 
lied fossil wood, and a few ill preserved, ribbed, bivalve mollusca have 
been found, but no characteristic organic remains. The beds resemble 
those of the Murree group and pass upwards into undoubted newer tertiary 
(Siwdlik or Manchhar) strata of the usual character, the red colours be- 
coming rarer, andthe usual drab grey sandstones and orange or drab clays 
being the prevailing rocks. 

When traced in a westerly direction towards Thai, the eocene beds 
are said to change in character, the limestones being replaced by hard 
sandstones and greenish grey or purple shales and, on the right bank of 
the Kuram river opposite Thai, volcanic beds occur among them. The 
beds are said to be penetrated and indurated by intrusions of a dark 
coarse crystalline trap, and besides the intrusions agglomerates and fine 
grained tufaceous trappeaii beds are found in alternating layers.^ No 
other occurrence of volcanic beds in the eocene of northern India is known, 
and as the Thai locality was visited under circumstances extremely un- 
favourable for geological investigation, too much importance must not be 
attached to the observations. 


No lower tertiary rocks are known south of the great snowy range of 
the Himalayas, between the small outliers folded among the pretertiary 
slates in western Garhwdl and their re-appearance on the southern side 
of the Assam range. Nearly the whole of this tract of the Himalayas is 
inaccessible to geological observation and it cannot consequently be 
stated with confidence that the lower tertiaries are altogether wanting, 
but the general run of their northern boundary, in the north-west portion 
of the Himdlayas, appears to indicate that the eocene coast line trended 
south of the present limit of the Himalayas, and makes it improbable 
that any lower tertiary marine beds would be found east of Garhwdl^ even 
if the country now inaccessible were open to observation. 

At the western extremity of the Gdro hills the nummulitic deposits 
contain only one thin band of limestone about 40 feet thick, resting conform- 
ably upon the cretaceous sandstone. Even this limestone is often earthy, 
nodular, and ochreous, with shaly partings, the purer portion being generally 
termed of a mass oiNummulttes granulosa^ in various stages of growth. The 
series generally exhibits a shallow water type and an approach to the original 
margin of the eocene sea. Throughout the formation there are no clear 

1 A. B. Wynne, Memoirs, XI, 170, (1S75), A. B. Wynne, JRecords, XIl, iii, (1879). 
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sandstones ; clays and soft earthy sandstones overlie the limestone and are 
with difficnity distinguished from the succeeding upper tertiary deposits. 
This character is most pronounced at the west end of the hills, where the 
formation strongly resembles the most characteristic beds of the Subathu 
group in the north-west Himalayas, No coaly layer has been found in the 
series in the Giro area. The lower tertiary beds are not confined to the 
sDuthern margin of theGaro hills, outliers being found in some of the basins 
of the cretaceous rocks north of the Tar4 range. The country has not, 
however, been sufficiently closely surveyed to show whether these indicate 
the same thinning out and approach to the original shore line as is seen in 
the Khdsi hills further east. 

A number of fossils obtained from the lower tertiary beds of the Gdro 
hills appear to belong, so far as they can be identified, to eocene species,^ 
and the presence of bands of limestone full of nmmmulites is in itself sulii- 
cient to fix the age of these beds as eocene. 

To the east, the nummulitics show a change to deposits of more pelagic 
character, in which there is a great development of clear nummulitic lime- 
stones. The transition between the prevailing types of deposits in both 
the cretaceous and nummulitic strata is in the ground, described by 
Colonel Godwin-Austen, on the confines of the Gdro and Kbasi hills, 
where the upper tertiaries have been almost denuded away from the base 
of the range, and here a partial unconformity was noticed between these 
systems. 

The general character of the nummulitic series at the foot of the Khdsi 
hills is shown by the section in the Tharia river, where the following beds 
are exposed, all with a high southerly dip : — ® 


Feet, 

7. Limestone, coarse, massive, blue 20 d 

6. Sandstone, clear, yellowish, coarsish . * . . . 100 

5. Limestone, fine, compact, blue or pink . , * . • 200 

4. Sandstone, earthy, greenish, ochray 

3. Limestone 5 ^ 

2. Sandstone, yellowish , . . - . * * .100 

I. Limestone 200 


Total . 900 

On the highlands immediately to the south-west of the station of Cherra 
Punji, there is a small plateau of nummulitic strata, very much reduced 
ill thickness. The bottom 8o feet are of limestone, covered by about an 
equal thickness of sandstone, not markedly different from the underlying 
cretaceous rock. At about ten feet above the limestone there is a thick 
seam of bright coal, the well known Cherra coal.^ The limestone rests 

' XX, 42, (1887). 1 ” I, 140> i85> (1858)} XXlI, 

® Memoirs, VII, 1(54, (1809)* 167,^(889). 
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directly upon the surface of the Cherra sandstone; without any sign 
of deimclcition, and the bedding is parallelj having a southerly slope 
of three degrees.^ d'he fossils from this limestone were determined 
by Dr. Stoliczka; portions of the reck consist almost entirely of small 
specimens of Opcrcidina caftali/era^ NtimmuliieS lzicasa?ta^ and 
Iy\ ramondi^ both the last species very small, species of echinoderms, 
fragments of oysters, Pecten^ Cardiurn salieri fragments of Natica 
Cc7dtJiiinn^ Tiirritelia^ tic} 

Close to the north of the coal hill, the nunimulitic beds occur again in 
equal thickness^ under the native town of Cherra Punji. The limestone 
is not seen here, but this may be partly due to concealment The num- 
inulitic sandstone forms the highest ground of the plateau from Cherra 
Punji to beyond Surarim. Carbonaceous markings are frequent in it, 
and at Lairangao, four miles north of Cherra village, there is a workable 
seam of coal. It is at about the same height over the cretaceous sandstone 
as the seam at Cherra, but the underlying beds are all sandstone 
and shale, except one bottom bed of limestone, resting on the Cherra 
sandstone. In tins limestone bed Operculina canalifera and NumtJiuHtes 
lamarcki are very common ; with these occur a Trochocyaihus^ Styloccenia 
vicaryi^ Echinolampas spheroidtilis^ a small Cardita^ PecfenyNalica roualti^ 
Keilostoma 7nargiiiatu-my 2 u ZiBiphim^ the small casts 

of a large Natica^ Cerithiiim ixXiA 'ferebellujn} 

Under Surarim, only a mile from Lairangao, this bottom bed of lime- 
stone is wanting, being apparently overlapped by the carbonaceous 
sandstones, which themselves come to an end in a low bluff, two miles 
further north, near where the road bifurcates. 

In the corresponding section on the Bogapdni, below Chela, there is a 
coaly layer in the sandstone just over the bottom limestone, which may 
sufficiently establish the identity of these two bottom bands with those on 
the plateau above, the marine bed having increased in thickness, and 
this marine character is here strongly stamped upon the whole series. 

in the Khdsi hills, at least on the Cherra section, the northern thinning 

^ This Utile plateau at Cherra offers are-, .<45,. Soc. Beng,^ XXXVIII, pt. ii, 2*, (iSbp). 
markable instance of a form of denudation ^ Memoirs»Vl\ 167, (1869), The fossils de- 
that is not, perhaps, taken sufficient accoun t scribeii from eastern Bengal by MM. D’Archiac 
of in geological explanations. The scarp is and Haime in their “Groupe Nummuiitique de 
very regular and well defined at many points ; Finde” were all from the Khasi hills ; but their 
but the upper surface of the area, about a specimens were so mixed, probably even inclu- 
square mile in extent, is a chaos of tilted masses ding fossils from the cretaceous beds, that the 
of the upper sandstone. This is clearly due value ot their identilications is dou tful. As 
to the more or less complete removal by solu- tbe authors themselves remark — “ On voit qu’il 
tion of the supporting limestone. Colonel y a nn certain vague dans les rapports d(.‘ 
Godwin-Austen has described a much larger plusieurs des assises que nous venous 
instance of this form of denudation in the dMndiquer,** — A <?., p, 177. 

Gdro hills, where a considerable enclosed catch- ® These fossils were determined by Dr* 
ment basin is drained underground. ~ ; Stoliczka, V 
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out of the iiumniulitic series upon ths gneissic plateau is not so clearly 
seen as in the case of the cretaceous rocks^ because only remnants of 
the bottom bands are preserved there. It will be seen however^ from what 
has gone before, that there is a distinct indication of a northerly thinning 
out of the lower tertiary beds and a disappearance of the marine type of 
depositsv The nummulitics have not been observed any where to rest upon 
the gneiss, so there is no proof of their having overlapped the cretaceous 
deposits, but it is presumable that they did so, for the sequence is con- 
formablej or at least parallel and undisturbed, and the nummulitics extend 
close up to the northern boundary, where the cretaceous beds are very thin. 

'Fhe great thickening of the series in the sections at the southern foot 
of the hills points to the same conclusion, and if the occurrence of coaly 
beds in the Bogapani below Chela at a horizon corresponding to bed No* 2 
of the section may be taken to indicate an equivalence with the coal bear- 
ing sandstone of the plateau, there is not only a great thickening of this and 
the underlying group, but there are some 600 feet of overlying strata wdiich 
do not appear to be represented on the plateau toThe north. 

The luimmulitic limestones form the most prominent features of 
the low hills at the foot of the scarp along the Kh^si area, where they 
are in much greater force than elsewhere^ to the east or west. This may 
be owing to a greater elevation in this position, whereby a deeper zone of 
the basin of deposition has been exposed to view. Pure limestone is still the 
chief rock of the group on the eastern confines of the Garo hills, west of 
the Umblai, as described by Colonel Godwin- Austen, although the total 
thickness must be much less than in the Tharia section. 

To the east the nummulitic limestone is known to be well developed 
in the North Cachar hills, vvhere it has a thickness of 300 feet, resting on 
the cretaceous, and overlaid by the upper tertiary sandstones. In a north- 
easterly direction it has been traced as far as the hot springs of the Kapili 
valley,^ 

No beds known to be of nummulitic age have yet been discovered in 
upper Assam, but a series of coal and petroleum bearing rocks, conform- 
ably overlaid by sandstones of the upper tertiary type, which appear to 
represent them, is exposed near the edge of the hills north of the Brahma- 
putra valley in the Sibsdgar and Dibrugarh districts. 

For detailed information regarding the distribution of the rocks 
Mr. Mallet’s Memoir must be referred to.® The measures are very 
much alike in all the exposures, seams of less than a yard in thickness 
are very numerous in some sections, and not unfrequently the coal beds 
attain much greater dimensions. In the Ndmd4ng, south of Rongreng 
in the Mdkum field, there is a seam 100 feet thick, containing at least 

i T. D. LaTouche, Records, XVi, 201, ,(1883).. | ,, » Memoirsi, XTI, pt. 2, (1876). 
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75 feet of solid coal, and some very thick seams have been traced for more 
than a mile without diminution. The sandstones and shales often contain 
nodules and layers of clay ironstone. Earthy and ferruginous limestone 
occurs Sparingly in thin concretionary bands, also some layers of hard 
tough magnesian limestone. The coal measure shales decompose into a 
very tenacious blue clay, differing in this respect from the Disang shales, 
which are more clunchy. 

On the iiiteresting question of the age of these very important and 
extensive coal measures, there is little evidence for opinion and that little 
suggests a middle tertiary horizon. The coal itself is a true coal of 
superior quality, not lignite, as is attested by its composition— 

Fixed Volatile * , 

carbon. matter. 

Average composition of 27 Assam coals • 60*0 36*2 3*8 

Ditto of 17 Raniganj coals . 51*1 32*6 16*3 

It is not unlike the nummulitic coal of the Khdsi hills, and quite unlike 
the cretaceous coal, which maintains its peculiar characteristics into close 
proximity to the Assam fields. The only fossils found in the seams 
are bad impressions of dicotyledonous leaves and no trace of animal life 
has been seen in any of the associated rocks. The strongest point in the 
argument is the closely transitional relation between the measures and the 
Tipam sandstone, which is a very typical representative of the SiwAlik 
rock, and almost undoubtedly belongs to the upper tertiary period. In 
the KhAsi hills, as m the Punjab, the nummulitic' coal occurs near the 
very base of the formation. There are about 1,000 feet of marine nummu- 
litics above the coal bed in the Tharia section, but the upper Assam 
coal measures, if they are nummulitic at all, would seem to belong to the 
upper limits of the series. 

The nummulitic beds in the Giro hills pass into the upper tertiarles, 
which may here be divided into a lower group of fine grained sand 
stones with marine fossils, and an upper unfossiliferous group of rusty 
sandstones, variable in grain, with grey shales. These uppermost tertiary 
beds have not yielded any fossils to recent observers, but in 1821 Mr. Cole- 
brooke read to the Geological Society of London ^ some observations 
on these rocks by Mr. David Scott, then Commissioner of Kuch Behar. 
In those days the Brahmaputra flowed at the foot of the hills, and at one 
spot on the left bank Mr, Scott found some fossils. The exact locality 
is not given, but it was somewhere between the Kalu and Mahendraganj 
(or Karibdri), probably nearer the latter place. The position in the series 
is not known, but it seems certain that the bed belonged to the rocks of 
the hills, not to the older alluvium, for it is described as at the foot of a 

^ series ii, T, 132, (1824). 
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small hill, rising about twenty feet over the general elevation of the plain. 
The fossils were a strange mixture of marine with land and fresh water forms, 
and amongst them Mr. Pentland described^ the teeth of Anthraootheriiim 
silistrense, a species that has since been found in the Manchhar (upper 
miocene) beds of Sind.^ 

The change of character that is so marked in the cretaceous and 
numnmlitic deposits from west to east has not been observed in the upper 
tertiaries ; there certainly can be no striking feature of this kind. A 
massive soft greenish sandstone is the most prominent rock. It is some- 
what like the common Siw^lik rockj but more earthy and of darker hue. 
The associated beds are mostly grey shales, unlike the brown and ochrey 
clays of the sub-Himcllayan series, and the fossils show that even at the 
western end of the range the deposits are, in part at least, marine. In Mr. 
Scott's notes of the section on the Brahmaputra, local contortions are 
noticed, and this condition increases eastwards. On the Sumesari, 
nearly sixty miles further east, where the tertiary zone is fourteen miles 
wide, the state of disturbance is still only partial.-^ At the southern edge 
of the hills the dip is 40® to the south, in very new looking strata, there 
is then a broad band in which the beds are flatly undulating, after which 
they rise again with a steady and increasing southerly dip. 

Nothing like a general unconformity in the tertiary series was noted in 
the section of the Sumesari. 

Further east lies the ground described by Colonel Godwin- Austen on the 
confines of the Garo and Kh^si areas, where the upper tertiary rocks have 
been almost denuded away from the base of the range, the little that is left 
of them being nearly vertical. Here, too, is the transition ground of the 
prevailing marine type of deposits in both the cretaceous and numnmlitic 
strata. Here a partial unconformity was noticed between these formations 
and this is the only position in the western part of the range where the 
upper tertiaries have been found on the plateau inside the line of dis- 
turbance. The summit of Ncngkulang hill (2,070 feet) is formed of 
rusty sandstones and shales, resting horizontally upon the undisturbed 
luimmulitic limestone. In a collection of fossils from these beds, sent by 
Colonel Godwin-Austen, Dr. Stoliczka found the genera Conus^ Dolium^ 
Denialium, Cardita^ Cardhim^ Tellinay Nucula^ Leda^ Cucull^a^ and 
several others, and he remarked that none of the species, so far as 
recognisable, appeared to be identical with those knowm from the num* 
mulitic beds of the same district. I'his fact suggests that these detached 
beds on the heights may be an overlap of some beds of the series 
higher than those that seem to be in transitional sequence with the 

^ Geol, Trans, ^ saries ii, IT, 393, (1829)., 1 ^ Memoirs, VH, 193, (1869). 

2 Records, X, 77, (1877)^ J 
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ivummulitics in the sections to the west. T his view is strengthened 
by the fact that Colonel God win- Austen observed some cases of local 
denudation unconformity between these fossilife sandstones and the 
nummuiitic limestone, the strata being still quite parallel.^ 

The exposure of upper tertiaries south of the Gdro hills narrows in an 
easterly direction, and from about twenty miles east of the Sumesari river 
the disturbed upper tertiaries have been removed by denudation, along the 
foot of the Khdsi and Jaintia hills. They come in again where the strike 
of the disturbance, which marks the southern margin of the plateau of the 
Assam range, turns north-easterly, and occupy a large area in the hilly 
country between Assam and Burma, and to the soutli of the Cachar valley. 

The observations in this country are scanty and scattered. In the 
Kasom range, on the eastern limit of Manipur territory, they consist of 
sandstones with but few argillaceous bands, containing numerous car- 
bonised fossil tree trunks, and nests of coaly matter, but no coal seams 
were observed. Further south, however, well marked coal seams have 
been found in what appear to be the same beds on the west side of the 
Chindwin river. Fossil resin was found in the Manipur hills, and it is 
probable that the amber mines of Upper Burma are excavated in beds of 
this age.^ 

Further north marine fossils, among which is an undetermined 
species of Vernas, were found near Sdmaguting in beds which probably 
represent the lower group of the Gdro hills. 

In upper Assam, the upper tertiary beds were described by Mr. Mallet as 
the Tipaixi and Dihing groups. The greenish grey, pepper and salt, 
sandstone of the Tipam range undoubtedly alternates with the top beds 
of the coal measures, but the shaly beds rapidly cease and the sandstone 
becomes very massive. Some coaly partings were also observed well up 
in the Tipam group, and fossil W’ood, whether silicified or semicar- 
bonised, sometimes in very large blocks, is common throughout this great 
sandstone formation, as well as in the upper conglomeratic beds. 

The upper (Dihing) group is less like the corresponding group of the 
Siwdiiks than is the Tipam sandstone, and two points are noteworthy in 
it. Some of the bottom beds are coal conglomerates^ made up almost 
exclusively of rolled fragments of coal, presumably of the coal seams 
underlying the Tipam group. This peculiar conglomerate has been 
observed, at great distances apart, at the top of the Tipam sandstone 
along the main fault. The ordinary conglomerates of the group are 
composed of well rolled pebbles of fine hard sandstone, identical in 
appearance with the Disang sandstone. The beds associated with these 

I your. As. Sac. Beng,, XXXVm, pt: ii, 14, i ^ Memoirs, XlX, (1S83). 

16, (1869). I - ' • 
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conglomerates are blue sandy clays, not like the brown and red clays ot 
the upper Siwdliks, at least of north-western India. 

The distribution of these upper tertiary sandstones presents some 
peculiarities which require notice. At the eastern end of the Assam langc 
they come in where the zone of disturbance which marks its southern 
face diniinishes in intensity and at the same time turns to He nor i- 
east. From here they extend eastwards into the Fatkoi lange, but 
do not extend across the hill country of Manipur. In the P^-^allel of 
Manipur city there is a stretch of about too miles broad of pretert.ary 
beds, before the upper tertiaries are again found capping the range w nc i 
looks down on the Chindwin valley. To the north ot the valley o 
Manipur the upper tertiaries are found capping the higher ranges, and 
further north, in the Angdmi N^gd hills, there is only some 
miles between the boundary of the sandstones forming Uie high peak ot 
Japvo and the margin of the eastern area of upper tertiaries. No details 
are known of the geology of the hills to the north-east of this, but the pre- 
tertiary slates and sandstones of Manipur and the Angdmi Naga country, 
appear to be represented by the Disang group in the coal helds of uper 
Assam. Whether there is a continuous outcrop of pretertiary slates 
in the intervening ground is not known, but in the bingp o cpn ly 
<„rlh.r east, lha ^tertiary bed. arc completely cat oat by the tert.ante, 
which extend continuously from the plain to the crest of the lange. ^ 

In a southerly direction from Manipur much the same appears to take 
place, for east of Chittagong Mr. La Touche found nothing ut ter ipy 
rocks on the route across the hills. U would seem, there ore, la le 
Manipur bills are an atea ot special elevation from which the newer beds 
have been removed by denudation. 

In the last paragraph it has been assumed that these deposits originally 
extended over the area where they are now wanting. There is no direct 
nroof that they ever did so, and the general resemblance in type to the 
Biliks along the foot of the Himalayas might suggest that they were 
deposited under similar circumstances, and that their ongmal wp not very 
different from their present extension, but in spite of a certain lithological 
similarity to the Himdlayan Siwdliks, there b a much greater pifornuty 
on different sections than they exhibit. 'I ho present boundaries, too, are in 
xS cases evidently due to denudation, and there can be little doubt that 
thJ Zee extended right across the hills which separate A sspi rom 
Bur^ma at any rate north of Manipur. The presence of manne fassils in 
fbiriodslones show, that they ware deposited 

tions to the Himdlayan SiwiHiks. which we will see wme foped 
labaerially by streams, under circamstances closely resembling those 
that now prevail along the foot pf the Himalayan range. 
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Upper tertiary beds occupy a large area in Upper Burma, both in the 
valleys of the Irawadi and Chindwin rivers, and in the hills to the west of 
them. Little is known of this area, as no detailed geological survey 
has yet been practicable. Coal seams are found interbedded with the sand- 
stones west of the Chindwin river, and of the Irawadi above Maodalay, as 
also in the small outlying patches of upper tertiaries in the Shan hills. 
Further south the petroleum of Burma is derived from upper tertiary beds, 
though there are also some occurrences of very minor importance in the 
older tertiary rocks of Pegu. 

It is not till we reach the province of Pegu that any thing approaching a 
detailed account of the tertiary deposits is available, where they were 
divided by Mr, Theobald into three main groups, supposed to correspond 
more or less to the eocene, miocene, and pliocene of the European classi- 
fication, but it will be best to retain the local nomenclature, as the fossil 
evidence is by no means sufficient to establish their complete equivalence. 
The three main tertiary groups are as follows : 

3. Fossil wood group • • « . Sand gravels, etc., with silicified wood and 

mammalian bones. 

2. Pegu group Shales and sandstones, occasionally cal- 

careous; fossils numerous. 

I. Nummulitic Shales and sandstone, with some lime- 

stone bands containing nummulites, etc. 

There is but little to distinguish the nummulitic beds of Pegu from the 
MaT and Negrais rocks, beyond the much smaller amount of alteration 
that they have undergone, the more freqeent appearance of fossils, 
and the occasional occurrence of limestone containing nummulites, especial- 
ly in the higher part of the group. The ordinary beds are sandstones 
and shales, unaltered but frequently hard and compact. The distinction 
from the Negrais rocks is far from absolute. The tendency to a passage 
between the two, at the foot of the hills, has already been noticed, and 
there are in places, within the nummulitic area, hills formed of hardened 
masses, perhaps older than the rocks around, but which have much the 
appearance of being the same beds, slightly altered. 

The main outcrop of the nummulitic rocks extends from north to south 
throughout the province of Pegu, between the Arakan hills and the Irawadi 
river. The beds have a general dip to the eastward, but to the southward 
it is difficult, if not impossible, to define the base of the formation, on account 
of the apparent passage from the nummulitic into the Negrais rocks. To 
the northward, west of lhayetmyo, near the former boundary of British 
territory, the section is better defined,^ In the Hlw^a (Lhowa) stream, 

^ Memoirs^ X, 227, (1873). the nummuUtics. The information necessi' 

® The beds formerly classed as triasslc, on fating this change was not received in time to 
the strength of a mistaken identification of a be incorporated in the text or in the geologi- 
bossil {supni^ p. 145) must be included with cal map. 
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sixteen miles west by south of Thayetmyo, upwards of 4^000 feet of hard 
sandstones^ mostly grey, and of blue, grey, or yellow shales, are exposed, 
but throughout all this thickness of beds no fossil remains have been de* 
tected, except a few carbonaceous markings. Apparently, at a somewhat 
higher horizon on the Ma-tun stream, which joins the HUva from the 
north, there is a great thickness of massive blue shales, of rather a dark 
indigo blue in general, but sometimes of lighter colour. These shales 
cannot be much less than 3,000 feet in thickness, but they are almost 
as unfossiliferous as the sandstones and shales on the Hlwa, the only 
organic remains found being some cycloid fish scales. Above these 
there is again a great thickness of sandstones and shales, mostly un- 
fossiliferous, but containing a few layers with nummuiites, and at the top 
of the whole group is a band cf nummulitic limestone, from 10 to 100 feet 
thick. This limestone, however, is by no means continuous. Where it 
occurs, it seems to be the uppermost band of the group, but it frequently 
appears to thin out, and in fact to consist of irregular lenticular bands in 
shale, rather than of an unbroken bed. Denudation may, perhaps, have 
removed the limestone in places before the deposition of the next group. 
Other bands of limestone occur at a lower horizon, but they are more 
irregular than that at the top of the group. 

The whole thickness of the formation must be considerable — probably 
not less than 10,000 feet but no estimate of any value can be made, 
on account of the imperfect manner in which the rocks are seen. In 
northern Pegu, west of Thayetmyo, the breadth of the eocene outcrop 
from east to west is seventeen miles, but, a few miles to the south, 
the width diminishes, till, west of Prome, it is not more than six. The 
belt again expands in breadth near Akauktaung, on the Irawadi above 
Myanaung, but the beds are very poorly exposed in general, being covered 
with gravel and other later deposits. Farther to the southward, west of 
Myanaung and Henzada, the nummulitic rocks are , much concealed by 
posttertiary gravels and from Henzada to Basseiii the only rocks seen 
west of the Irawadi plain are the altered Negrais beds. The nummulitic 
strata re-appear west of Bassein, and continue thence to Cape Negrais, 
but still the rocks are much concealed by gravel. Throughout the area, 
however, limestone with nummuiites occasionally appears amongst the 
higher beds of the group, and a- peculiar, very fine, white or greenish, 
argillaceous sandstone, with Foraminiferay seen at Puriam point east of 
the Bassein river, and in Long island of that river, is also probably one of 
the uppermost eocene beds. This rock, known as Andagu-kyauk^ or 
image stone, is employed by the Burmese for carving into images of 
Buddha, and is quarried to some extent for that purpose. 

It is possible that nummulitic beds may crop out in places amongst the 
miocene rocks of the F^rome district, but the only known exposure of the 
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former in Pegu^ apart from the belt just noticed as extending along the 
eastern side of the Arakan Yonm, is in a small ridge/ known as Thon- 
cloung/or lime hilly about five miles south of Thayetmyo. This ridge coi> 
slsts in great part of nummulitic limestone, resting upon shales and 
sandstones, In 1855 a promising coal, 4 feet thick, was discover* 

ed in the latter, but it proved so irregular as to be of no value, the coal 
thinning out, and passing into a clay with mere laoiin<€ and patches of 
coaly matter, in the course of a few feet.^ 

To the west of the Arakan range, limestone with nummuHtes has been 
noticed near Keantali, 'and there can be but little doubt that eocene beds 
extend along the coast for a considerable distance, The islands of 
Ramri and Gheduba consist of sandstones and shales closely resembling 
those of Arakan, and doubtless belonging to the same series.^ These 
beds are also very similar to the nummulitic rocks of Pegu. A few 
seams of coal have been found, resembling in character the nummulitic 
coal of Assam, and petroleum is obtained in several places. The lime- 
stone on the eastern side of Ramri island, as already mentioned, re- 
sembles that of the Arakan coast near Ma-i and Taung-gup, and may, there- 
fore, be cretaceous, but there is no marked character by which the rocks 
of the island can be divided into two series. 

Above the nummulitic formation of Pegu there is an immense thick- 
ness of soft shales and sandstones, often fossiliferous, but almost destitute 
of any horizon distinguished either by mineralogical characters or by 
organic remains. The base of this group is assumed to coincide with the 
band of nummulitic limestone already mentioned, but there is no clear 
evidence that this bed is the uppermost rock of the eocene group, and no 
unconformity has been detected between the nummulitic rocks and the 
next strata in ascending order. The upper limit of the middle tertiary 
rocks of Pegu is equally ill defined, there being a gradual passage from 
clays and sandstones with marine fossils into the gravels and sands with 
silicified fossil wood and mammalian bones. 

The fact is that without a thorough knowledge of the fossils the classi- 
fication of rocks so obscure and so ill seen as those of Pegu is a simple 
impossibility, and until the tertiary molluscs, echinoderms, and corals of 
southern Asia are better known, it is hopeless to attempt more than a 
general rough arrangement of the Burmese tertiaries, in the absence of 
sufficient fossil data for the proper determination of different beds, all that 
has been attempted at present is to class together all the marine beds ol 
Pegu above the nummulitic limestone, and without nummulites* The 
group thus constituted has been named the Pegu group frcm its form- 
ing the greater part of the Pegu Yoma between the irawadi and Sittaiing. 

^ T. Oldham, SeL I^ec, Gavt India, X, 99, I ^ P. R. Mallet Records, X!, 19L (187B). 
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There can be no doubt that a portion of this group is of mioceiie age, and 
corresponds generally to the Gaj group of Sind but it is probable that 
representatives of other groups are included. 

The only approach to a subdivision of the Pegu group that has been 
suggested is the separation of a considerable thickness of soft unfos^ili- 
ferous blue shales, which rest upon the upper nummulitic strata near 
Prome, and underlie the typical fossiliferous middle teitiary beds. I hese 
shales have been called the Sitsyahn shales, from a village on the irawarli, 
eight and a half miles above Prome, whilst the overlying sandstones and 
shales with fossils are distinguished as Prome beds, from tlieir ccciu- 
rence in the neighbourhood of Prome. The Sitsyahn shales consist of blue 
clunchy clay with indistinct bedding, and greatly resemble some of Uie 
nummulitic shales, except that they are somewhat paler in colour. I he 
thickness of the subdivision is about 800 feet, and the beds have been 
traced for a considerable distance along the upper limit of the nummuliLic 
rocks in the Prome district. 

The Prome beds succeed the Sitsyahn shales conformably, and are 
composed of grey sandstones, occasionally hard, bat frequentlprgilla- 
ceous or shaly, hard yellow sandstones, and shales or clays of various 
colours. A section of about 3,500 feet of these beds is seen opposite 
Prome on the right bank of the Irawadi, and probably a much greater 
thickness exists east of the river. One of the most fossiliferous beds is a 
band of blue clay exposed at Ka-raa on the Irawadi, eighteen mi es above 
Prome. The position of this band is high, and, above it, a bed, aboundujg 
in Tiirritcllx, and a hard sandstone containing corals belo nging to the 
genus Cladoccra, are the high est rocks of the group, and mark the passage 
into the fossil wood beds. 

It is almost useless to give any palaeontological details I'o>'avuniJera^ 
and Echinodermata are rare, and the mollusca are not, as a lule, verj 

characteristic forms. A sessile cirriped, very ^ 

closely resembles of fho miocene m Sind. A lew small 

crabs occur, and small corals and sharks’ teeth aie comn:ion. 

InMC locality, Mmet-taung (Myay-oet-to.ng) , tweoty.fo.c m.ks oasl- 
Tka,.t.yo, .bfaded volcaaic coclc, -sts^ 

trap, occurs iuterstratiSed aJarSioed as ’to the 

appearance, contemporaneous. Nothing Has oeen 

'°“?L“pet Srplotr^early the whole of the great range of hills 

h.o« asW p^u yo.a,hetLen the £ 

cocks being known, with any cetUtnty, to oeeur ““"‘f ^ 

two rivers. The area oecnpied by the noddle tot, ^3 .s 

to the oocthward, where it extends fro... eonsidetab y contracts 

to the base of the metamorphic hills east of the S & 
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gradually between the alluvial plains of the two rivers to the southward, 
till it terminates in a long, narrow spur at Rangoon. West of the Irawaci, 
the Pegu group extends to a little below Prome, and some hills on the 
opposite side of the river below Prome are formed of the same beds. It 
is; however, not quite certain that no older rocks appear between the 
Irawadi and Sittaung for a species of Fseudociiadema^ a genus of 
echinoderms with cretaceous affinities, has been found in some beds in east- 
ern Prome and a Terebratula with a very cretaceous aspect was obtained 
near the town of Pegu. In the former case the beds appear to be high 
in the Pegu group, but owing to the great extent to which the surface of 
the country is concealed, both by gravel and other alluvial deposits, and 
by forest, it is most difficult to make out the geology satisfactorily, so that 
lower beds may have been brought up to the surface by faults or otherwise. 
In the case near Pegu the position of the beds is uncertain, 

A small island^ known as Kau-ran-gyi on the Arakan coast, is com- 
posed of a very pale brown or cream coloured, calcareous sandstone 
or earthy limestone, containing echinoderms, molluscs, sharks’ teeth, 
and other fossils. The same rock occurs also at Nga-tha*mii on the 
mainland opposite Kau-ran-gyi island, but has not been detected else- 
where. The most abundant amongst the fossils are a species of Lobophora 
{Echinodiscus) and an Echinolampas^ apparently E, jacqziemoniii^ one 
of the commonest fossils of the Gaj group in Sind. The Echinodiscus also 
closely resembles a Gaj species. The bed is somewhat similar to the 
miliolite of Kdthidwdr, and may represent a portion of the Pegu group, 
but it is more probably of later date. One of the sharks’ teeth, however, 
closely resembles one found in the Pegu group south of Thayetmyo. 

The highest member of the tertiary series in Pegu is distinguished 
by the abundance of silicified dicotyledonous wood, and is the source 
whence all the fragments of that substance, so abundant in the older and 
newer alluvial gravels of the Irawadi, are derived. The fossil-wood 
group is much coarser than the underlying formations, and consists 
of sands, gravels, and a few beds of clay or shale, all, as a rule, being soft 
and incoherent, although occasionally hard sandstone or conglomerate 
bands occur. The group is thus subdivided : — 

a, Fossil-^ood, sands , part gravelly and conglomeratic, characterised by 
a profusion of conncretions of iron peroxide. 

h. Fine silty clay, with a few small pebbles, 

c. Sands, shales, and a few conglomerate beds, with a little concretionary iron 
peroxide. 

The lowest beds, which pass downwards into the marine bands of the 
Pegu group, contain occasional silicified rolled fragments of wood, and a 
few mammalian bones. Some sharks’ teeth also occur. The thickness of 
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none of tlie subdivisions has been clearly ascertained, but the lower 
sands must comprise beds some hundreds of feet thick. The fine silty 
clay dees not eKceed about 40 feet in thickness. This bed is quite iiiv 
fossiiiferous, neither fossil wood nor Tones haying been found in it, and 
pebbles are rare, though a few occur. It thus forms a marked band in the 
group, and contrasts with the beds above and below it. 

The upper fossil wood sands and gravels are by far the most import^ 
ant members of the formation, and it is from them that the greater por- 
tion of the silicified wood is derived. This wood occurs in the form of 
large and small masses, some being trunks of trees 4001*50 feet long ; 
usually, however, such masses display marks of attrition, as if the tree 
stems had been transported to a distance and rolled, before being silicified. 
The wood is always, or nearly always, exogenous, a few rolled fragments 
of endogenous wood, found in newer formations, being, nevertheless, 
probably derived from the present group. The wood is not coniferous, 
but owing to the very considerable amount of decomposition it had 
undergone previous to silicification, its nature is difficult to determine. 
Besides the fossil wood another characteristic of this portion of the group 
is the abundance of concretionary nodules of hydrated iron peroxide, 
which are in places so numerous as to have furnished a supply of iron ore 
for the native furnaces. Mammalian bones are of only local occurrence. 

The following is a list of the Vertebrata^ exclusive of sharks' teeth 
hitherto obtained in the Irawadi valley from the beds of the fossil wood 
group. Those marked with an asterisk being also found in the Siwaliks 
of the sub-HimdIayas : — 

M/VMMALIA. 

TapyruSi sp. 


UrsiiSs sp. 

Elephas {Sf ego don) cliff 
Mastodon latidens. 

„ sivalensis. 

Rh inoceros iraradicus* 

„ periniensis, 

R., sp. 

Crocodilits, sp. 
Ghariaiis, sp. 

Testiido, sp. 
Colossochclys atlas. 


Equus, sp. 

H ippop oUimits [H exap rotod on ) ira^adious* 
Mery copot a mtts d iss: in IJ is. 

Cervus, sp. 

Vishnutherium wuvad c^uh. 

Bos, sp. 

RKPTimA.‘ 

Emys, sp. 

Trionyx, 

Emyda, sp. 


The proportion of species identified with Siwalik forms is rathei less 
than in the case of Perim Island, only five out of fourteen species of mamrijals 
being regarded as identical, yet the general facies of the two faunas is 


^ These genera are recorded amongst the 
Ava specimens in the collection of the Asiatic 
Society (Falconer, Catalogue of the Fossil Re- 
mains of Vertebrata, in the Museum of the, 


Asiatic Society of Bengal, Calcutta, 1859, 
p. 30) ; but as ail the specimens were unla- 
belled, theie is some doubt about the locality. 
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very similar. Both contain a considerable proportion of livTiig genera un- 
known in the middle tertiaries of Europe, together with some older forms, 
and the Irawadi fauna may be regarded as approximately of the same age 
as the Upper Siwdliks, or pliocene if the views as to the relations of the 
Si will k fauna advocated in the present work be accepted. Siiicified wood 
abounds in places in some of the Siwdlik beds of the Punjab and in the 
Manchhar beds of Sind, and is occasionally found in the sub-Himdlayan 
Siwaliks though the remains of trees are for the most part carbonised. 

Independently of the fact that the rocks supplying the materials 
from which the beds have been derived east and west of the Bay of Bengal 
are probably very distinct, there is some doubt as to the conditions under 
which the Burmese beds were deposited, owing to the frequent occurrence 
of sharks^ teeth, and it has been suggested that the fossil wood group may 
have been, in part at least marine or estuarine. The silicified \vood itself 
is never bored by xylophagous mollusca {Teredinidm or Pholadidse) and 
as not only all wood floating on the sea, but all found anywhere in tidal 
creeks in India at the present day, and even the dead trunks and branches 
of trees in places flooded by the tide, are riddled by boring molluscs, it is 
extremely improbable that the wood found in the Burmese pliocene beds 
can have been immersed for any length of time in salt water, whilst the 
tree stems can scarcely have been siiicified before being imbedded, as they 
would have been in that case too heavy to be transported. It is true that 
the beds containing sharks^ teeth are not those in which the fossil wood 
is most abundant, but still some fragments of wood occur with the teeth, 
and mammalian bones are common. The beds generally are much too 
coarse for estuarine deposits, and if they are marine it is difficult to under- 
stand why no molluscs, echinoderms, or corals occur. On the whole, it is 
most probable that the fossil wood beds, like the Siwaliks and Manchhars, 
are fluviatile or subaerial, deposited by streams and rainwash, and that 
the sharks inhabited rivers, as some species do at the present day. 

The fossil wood beds in Pegu are evidently the mere remnants of a 
formation which once occupied a far more extensive area, the former exist- 
ence of the beds being shown by the occurrence in abundance of fragments 
of siiicified wood far beyond the present limits of the group. Judging 
from the occurrence of the larger blocks of fossil wood alone, and neglecting 
the small fragments in the alluvial gravels, the beds of the present group 
formerly extended far to the southward of their present limits, probably 
along the whole eastern side of the Arakan Yoma, and almost certainly 
as far as Rangoon along the Pegu range. A considerable area in the 
Sittaung valley, north of Taung-ngu (Tonghoo), is also occupied by the 
fossil wood beds, but no traces of the former existence of this group is 
found south of the Kabaung stream, which joins the Sittaung from the 
westward a little below Taung-ngu. There is rather more clay associated 


TENASSEKIM. 


343 


Chap. XIIIl 

wiili tlie pliocene beds in the Slttaung than in the Ira wadi valiey whilst 
in two small outlying patches, east and north of Tating-ngu, the group 
is represeiited by a form of luterite containing numerous pebbles. 

Ill Upper Burma the same beds are, very , extensively developed. They 
occupy large areas both east and west of the Irawadi and between the 
Irawadi and the Chindwin above their confluence, as well as west of the 
latter river. The details of their stratigraphy and distribution have 
not yet been worked out, and there is no published information sufli- 
ciently detailed or connected to be incorporated in this work. The 
petroleum of Upper Burma is derived from beds which appear to He at 
the base of the fossil wood group, or the upper limit of the F^egu group. 

North of where the Irawadi crosses from the eastern to the western 
side of the depression between the hills of western China and the Shan 
states on the one hand, and of Manipur and the Arakan Yoina on the 
other, there are a number of intrusions and volcanic outbursts in tine ter- 
tiary beds where exact age has not been determined, but appears to range 
from upper tertiary to pleistocene. 

Although nothing definite is known as to the age of the beds 
associated with coal in Tenasserim, except that they are in all probability 
tertiary, there is more likelihood that they belong to the newer tertiaries 
than to the older. They consist of conglomerates, sandstones, soft shales, 
and beds of coal. The conglomerates are never coarse, the pebbles seldom 
exceeding a few inches in diameter; the sandstones are fine, gritty, and 
pebbly, clean white quartzose sands, or earthy and of a yellowish tint ; and 
the shale beds are of a bluish green or blackish tint, very regularly disposed 
in thin laminae. The coal is also in thin laminae, with earthy bands. 

These coal bearing deposits, whose total thickness nowhere exceeds 
900 to i,00G feet, are never traceable continuously over any extended 
area. They are found occupying isolated and detached basins in the 
great north and south valley of the Tenasserim river, between the main 
dividing range separating British Burma from Siam to the eastward, 
and the outer ridges near the sea coast to the westward. 1 he small 
tracts of tertiary rocks are in all probability of fresh water origin, and 
have much the appearance of having been deposited in the small basins 
they now occupy. The only organic remains found are dicotyledonous 
leaves and scales and bones of fish.' 

In the Andaman and Nicobar islands the upper tertiaries are repro^ 
seated by soft limestones formed of coral and shell sand, soft calcareous 

* T. Oldham, Set, Rec, ImUa^ X, 34, (1856). 
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sandstones and white clajs with some bands containing pebbles of ' coral.^ 
They form the whole of the archipelago east of the great Andaman, wdiencc 
they have been called the Archipelago series ; they are also developed in the 
great Andanian, more especially. in the northern islands and on the west 
coast, as well as in the Nicobar islands. The only fossils that have been 
fonnd B.TQ PolfCfsttn^j ’which were described by Ehrenberg from the clays 
of Nanco wry harbour.^ 

No contact section has yet been observed^ showing their relations,; 
to the rocks, sandstones and shales, which are regarded as the equiva- 
lents of the Negrais rocks of the Arakan Yoma, but the generally newer 
appearance of the rocks, their less disturbed condition, and the fact that 
pebbles of serpentine have been found in beds which there seems good 
reason for referring to this series, leaves little room for doubt that they 
are newer, and not, as has been suggested, merely a lithological variety 
indicating different conditions €>f deposition. 


For details, see H. Rink, Die Nikobaris- 
fihen Inseln., Copenhagen, 1847, and Sel. Rec. 
Gout, Indiaj LXXVil, 109—154, {i87o);F. von 
Hochstetter, Reise df-r Novara, 11 , 83— 112, 
j 8$4), and iiVrortfjf, Ib 59— 73, (1869) j V. 


Ball,. As. Soe. Beng., XXXIX, pt 2 , 
^ 5 , 231, (1870); R. D. Oldhanr, 

XVin, 135^ (1885). 

® Abkandi, K„ A^ad. IF/si?, Berlir.^ 1875, p. 

116. 



CHAPTER XIV* 


TERTiAHrES OF THE HIMALAYAS, 

{Including the N.-W, Punjab,) 

Tertiaries of the centra? Himalayas — Tertiaries of the outer Hirralayas—Sirmiir series — Si wdiik 
series— Homotaxis of the Siwaliks— Relations of Siwalik and recent faunas. 

The description of the tertiary deposits of the Himalayan range was 
excluded from the last chapter, as their bearing on the question of the age 
of the Himalayas as a mountain chain, and, certain peculiarities which they 
exhibit, resulting from their mode of origin, render it more convenient 
to consider them separately. They are exposed in two distinct areas, and 
may be distinguished, according to their geographical position, as the ter- 
tiaries of the central, and of the outer Himalayas. The latter of these 
are much the most important, whether on account of the superficial area 
they cover, or the interest of the sections they exhibit, but it will be most 
convenient to take up the description of the central Himalayan tertiaries 
first and then pass on to the tertiaries of the outer or southern edge of the 
range.' 

The existence of tertiary rocks in the central Himalayas has long been 
known, but even now the only information available is derived from ob- 
servations made on rapid journeys through an elevated and inhospitable 
region, where the rarefaction of the atmosphere offers a serious impedi- 
ment to physical exertion. 

The best known area is that of the upper Indus valley, where the 
tertiaries extend, for a distance of two hundred miles, in a south-easterly 
direction from Kargil in Kashmir territory. Along the whole of the north- 
eastern boundary, from Kargil to beyond Leh, if not to the extreme limit 
of Kashmir territory, they rest in unconformable contact with the metamor- 
phic rocks. Between Khalsi and Leh the lowest beds consist of coarse 
grained, sharp, felspathic sandstones, containing a large proportion of 
grains of undecomposed felspar, and including numerous large boulders of 
syenite and angular blocks of an intensely hard hornstone porphyry, whose 
original source is unknown. These beds have been looked upon, with 
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some degree of reason, as probably of glacial origin.^ They occur at the 
base of the iiummulitics and bo break or unconformity has been detected ; 
they are however overlaid by black carbonaceous shaly beds very like 
those of the carboniferous of Kashmir, and as no similar rock has been de- 
tected in the western portion of the outcrop, where the original coiitact 
with the pretertiary rocks is exhibited, it is possible that the glacial beds 
belong to the carboniferous period, and that there is an undetected break 
between them and the overlying unmistakeable nommulitics. 

The conglomeratic beds are succeeded by orange and brown saud- 
stoiies, often calcareous, which form the lowest member of the series 
ferther to the north-west. Melania, and a bivalve shell, which is probably 
a Umo, though it has been referred to Pholadomya or Panopoea, have been 
found in the neighbourhood of Kargil, marking the beds as fresh water 
or estuarine in origin. 

The sandstones are succeeded by green and purple or dark red shales, 
and these are overlaid, between Khalsi and Nuria, by a thick band of 
coarse, blue, shelly limestone containing numerous discs, which are probably 
ill preserved nummulites. Above this comes a coarse limestone conglome- 
rate containing pebbles of the same limestone succeeded by shales and 
slates, generally of a grey colour. 

In the sections eastwards of Leh conglomerates are said to occur near 
the upper limit of the series, and these conglomerates contain pebbles of 
the volcanic beds, which will presently be described, and of nummulitic 
limestone. The occurrence of these last shows that the beds had locally 
been elevated and exposed to denudation, while elsewhere the process of 
deposition had gone on continuously. 

In the cent»*al portion of the exposure the sedimentary beds are in 
direct contact with the older rocks along their south-western margin, but 
at either extremity they are separated by a great series of volcanic rocks 
of a very basic type. There can be no doubt that these rocks, which form 
the upper limit of the tertiary system of this region, are in the main con- 
taraporaneous eruptive products, as they include beds of volcanic ash and 
agglomerate,*^ but there are also numerous intrusive masses associated with 
the bedded traps. Basic trappean intrusions are also found in the preter- 
tiary rocks south-west of the boundary, which are evidently connected with 
these same eruptive rocks. These intrusions are interesting as, at Pugba 
and in the Markha valley south of Leh, they are composed of peridotite, 
until lately the only recorded instances of ultrabasic rocks having been 
found in India. ^ 

On the noith-eastcro and north-western boundaries the tertiaries rest 

^ R. Ljdekker, Memoirs.'XXll, 10^,(1883) ; R, D. Oldham, Records, XXI, 154, 

R. D. Oldham, Records, XXI, 155, (1889). {1888). 

C. A. McMahon, Records, XIX, nS, ® C. A. McMahon, XIX, 1 15, (iS 85 ). 
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on an eroded surface of metamorphics, showing that the present boundary 
marks an original limit of deposition in these directions. The south-western 
boiindary, on the ether hand^ is marked by great disturbance and the tcr- 
tiaries certainly extended some distance beyond their present limit.^ 
Clear evidence of this origmal extension is to be found not merely in the 
nature of the boundary but in the existence of an outlier of nummulitic 
limestonei originally discovered by Dr. Thomson in 1852, on the Singhe 
Ld. The correctness of the observation was at one time questioned, but 
was completely contirined in 1888 by Mr. La Touche,^ who described the 
rock as a black feetid limestone, full of nmnmulites, resting directly 
on the palaeozoic quartzites, without any intervening deposits of littoral 
type. The occurrence of an open sea formation in this outlier points 
to a southerly extension of the eocene sea, and it would be interesting 
to know wTetber there was direct communication with that in which 
the numinulitics of the Punjab were deposited. No outliers of tertiary 
beds are known in the country intervening between the two principal 
exposures, but this country has not been examined in any detail, and 
has undergone such extensive denudation tliat, even if the numinulitics 
once extended over it, they may well have been completely removed 
or only represented by small patches, folded up with the older rocks, 
which would escape notice in any but the most detailed examination. 
The considerable lithological resemblance between some of the beds of the 
tertiaries of the upper Indus valley and those of the Subdthu and Dagshii 
groups has been noticed by more than one observer,^ but this w'ould not in 
itself be proof of former continuity, w'hile the general shallow water type of 
the Subdthu group, and its complete overlap by the Dagshii group on the 
inlier of pretertiary limestone which lies north of that at Ridsi, indi- 


cate a northern limit of deposition of the tertiaries on the southern face of 
the Himdlayas. 

The fossils do not help us in any way, for, with the exception of those 
already mentioned, the only recorded fossils are Nmmnulites ramondi 
and N. expo^iens, from the Markha valley f the former species has also been 
found in the outlier of the Singhe Ld/ and is known from the Kirthar and 
Ranikot groups of Sind. Besides these, some obscure remains were obtained 
near Khalsi, which have been supposed to be Hippurites and a ceplia- 
lopod allied to HamiteSy but the fossils are altogether too ill preserved 
for determination. 

Besides the outlier already mentioned, there is one composed of basic 
traps forming the peaks knbwm as D 24 and D 25 in Zanskar. It is not 


1 R. D, Oldham, Itecordsy XXI, 156, (188S), 
® RecotdB, XXI, 160, (1888). 

® F. Stoiiczka, Memoits^ V, 343, (*865)^ R. 
Lydekker, Memoirs, KKll , 118,(1883), 


^ F, Stoiiczka, Memoirs^ V, 344, (1865). 

^ D‘Archiac et Haime : Groupe Nummu- 
iitique de I’Inde, Paris, 1853, p. 176. 
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known whether these are bedded or intrusive. If the former, they are a true 
outlier of the Indus valley eocene volcanics ; if the latter they are doubt- 
less an old volcanic core, and indicate a former extension of the volcanic 
beds beyond their present limits. Some small patches of sandstone and 
conglomerate, which have been regarded as tertiary/ are also found in the 
Chang-cheng-mo valley and near Drds, associated in the latter locality 
wdtli basic traps. The information regarding them is scanty, and they do 
not need detailed notice here. 

Further to the east, in Hundes, the tertiaries are described by Mr. 
Griesbach ® as composed of highly altered rocks, schists, phyilites and 
crystalline limestones, in which some distorted sections of Nummulites 
were observed associated with intrusive diorite. Above these rocks come 
pepper and salt grey sandstones, very like some of the lower Siwdiik 
sandstones, wdiose relation to the nummuliferous beds was not observed, 
but is said to be probably one of unconformity. Both these are highly 
disturbed, dipping to the north-east, and are unconformably covered by 
the horizontal deposits of the H undes plain, once regarded as upper 
tertiary, but now shown to be of pleistocene age. 

The only igneous rocks in this section appear to be intrusive diorites, 
but a large development of basic traps was observed by Gen. R. Strachey 
further to the north, in the neighbourhood of the great lakes of Tibet, 
which probably represents the volcanics of the Indus valley tertiaries. 

Nothing is known of the geology of the whole northern face of the Hima- 
layas east of the Hundes plain except for one spot north of Sikkim. In 
the neighbourhood of the Cholamo lakes Sir J. Hooker observed con- 
glomerates, slates and earthly red clays, and a compact blue limestone “full 
of encrinitic fossils and probably nummulites which may be a con- 
tinuation of the central Himalayan tertiaries.^ 


The tertiaries of the outer Himalayas are found in a narrow zone of 
upper tertiary rocks, extending the whole length of the Himalayas, and 
continuous at the surface, so far as is known, except for a stretch of about 
fifty miles at the foot of the Bhutan hills, where they are covered by a great 
accumulation of recent deposits. West of the Ganges the tertiary area 
begins to widen out, and lower beds come in, till in the extreme north-west, 
beyond the Jehlam, there is a very complete representation of the tertiary 
sequence. It is only that portion of the tertiary area which lies beyond 

^ F. Stoliczka, Records, Vn,i5, (1874) • R. Ly- ® Himalayan Journals, London, 1855, ^5^: 

df'kkei*, ilfewmV.!?, XXn, 113, 1 15, (1883). 177, 

Memoirs, XXIII, 83, (1891). 
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the western frontier of Nep^l that has been examined in any detail^ and 
here the best known areas are the hills below Kiiinaun and Garhwal, the 
section south of Simla, and the area beyond the Jehlam river. The classi- 
fications of the rocks that were adopted by the surveyors of the north- 
western area and of that south of Simla differ from each otlierj but the 
intermediate country has since been examined sufficiently to show the 
probable equivalence of the rock groups as indicated in the following 
table : — 


North-West Area. 
Upper Siwalik 

Lower (red and grey) Siwdlik 

Murree beds . 

Upper Nummiilitic . 

Lower Nummulitic. 


:| 


Sjmla Area. 

Upper Tertiary . ( Siwalik. 

Smdlik series .j Middle buvalik. 

L Lower (Nahan) Siwalik, 
, -r' f KasaiiH ofroiip. 

K, Subathii group. 


According to the order of description adopted in this work the lower 
nummulitic strata of the hills beyond the Jehlam, which do not, strictly 
speaking, form part of the Himalayas, would stand first for description, 
but as the reasons for considering them older than the Sub^thu group can 
only be understood after the description of the Sirmur series, the strict 
chronological order will not be adhered to, and the description of these 
beds will be left till after that of the series which overlies them. It wdll 
be best to begin with the area wdrich, from priority of description, must 
remain the standard to which the sections of other districts must be 
referred. 


. In the hills near Simla, the marine nummulitics, with the upper groups 
of the lo-wer tertiaries, appear from below more recent deposits a short way 
west of the Sutlej river, and rising into the high ground of what are known 
as the lower Himalayas, extend for some 8o miles till they disappear 12 
miles east of Nahan, re*appearing as outliers east of the Ganges, 
Throughout part of this region the Sirmur series, as it has been named, ^ is 
separated from the upper portion of the tertiary system by a narrow 
strip of pretertiary rocks, and by the great dislocation, or main boundary, 
which forms one of the leading features in Himalayan geology. The 
rocks are everywhere highly disturbed, and structurally belong rather to 
the Himalayan area proper than to the tertiary area of the sub-Himdlayas, 
but at the north-western extremity of the exposure they run down into the 
sub-Himalayas, and the marine group becomes covered by more recent 
deposits in a manner that has not been worked out in detail, 

' Manual, ist ed., p. 524. The series was description in the text is partly based on 
first described as the Subdthugrqup(it/e««oi>s, Mr. Medlicott’s descriptions (lee. cii.), and 
ni.pt. ii, p. 74), a name which was snbse- partly on subsequent unpublished observations. 
quenOj restricted to its lowest member. The by the present writer. 
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The lowest of the three groups, into^ which the Sirmur series has 
been divided, is named after the military station of Subdthu, near which 
It is well exposed. It consists principally of greenish grey and red gypseous 
shales, with some subordinate lenticular bands of impure limestone and 
sandstone, the latter principally found near the top of the group. The 
beds are everywhere highly disturbed, and the boundary with the pretertiary 
slates and limestones is almost always faulted, but wherever an original con- 
tact section is found, in the Jammu hills, at Sub^thu, at the termination of the 
main Sirmur area east of Ndhan, and again in the outliers east of the Ganges, 
there is always a parallelism of stratification between the beds below and 
above the junction, and the bottom bed of the Subdthu group is a peculiar 
ferruginous rock, containing pisolitic grains of iron oxide and closely re- 
sembling the laterite of the Peninsula, whose occurrence at this horizon 
in the extra-peninsular area is interesting in connection wdth the occur- 
rence of laterite in the nummulites of Sind, Jaisalmer, Cutch and Surat, 
This rock is very well seen at Subdthu itself, where it was first observed 
and described, and in the shaly beds immediately overlying it there is a 
seam of impure coal. The coal is too impure and too crushed to be of any 
economic value, but its occurrence is of interest, as will appear in the 
sequel. 

The Subdthu group is overlaid, with perfect conformity, by a great 
thickness of hard grey sandstones, interbedded with bright red nodular 
clays, known as the Dagshdi group. The transition from the Subdthu to 
the Dagshdi group, though perfectly conformable, is somewhat abrupt, and 
marked by the presence of a group of passage beds, comprising a pecu- 
liar pisolitic marl with small calcareous concretions scattered through 
a matrix of red clay, a white sandstone full of Irregular shaped highly 
ferruginous concretions of some inches in diameter, and pure white sand- 
stones associated with dark purple or liver coloured shales, differing 
markedly in appearance from the general run of those above or below 
them. 

The beds of the Dagshii group proper consist almost exclusively of 
two distinct types of rock* One is a bright red or purple, homogeneous 
day, vreathering into small rounded nodular lumps ; the other a fine grained 
hard sandstone of grey or purplish colour. The clays prevail in the lower 
part of the group and the sandstones, in beds of lo to 50 feet thick, form 
but a small proportion of the total thickness, but in the upper portion of 
the group they increase, at the expense of the clay beds, till at the top 
there is about 200 or 300 feet of sandstones, with a few thin bands of red 
clay, which it is impossible to class definitely either with this group or the 
succeeding one. 

As will have appeared from the preceding paragraph, the passage from 
the Dagshii to the, Kasauli group is perfectly transitional, indeed the 
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Jistinction of the two merely depends on the absence of the bright red no- 
dular clays of the Dagshii group. The Kasauli group is essentially a 
sandstone formation in which the argillaceous beds are quite subordinate 
in amount. The sandstones are mostly of grey or greenish colour, and 
thou<^h some of the beds are as hard as anything in the Dagshdi group, 
they are, as a rule, softer, coarser, more micaceous, and at times distinctly 
febpathic. 'I'he clay bands are gritty, micaceous, and but seldom shaly ; 
in the lower part of the group they often have a remarkably trappoid ap- 
pearance, owing to their dull green colour and mode of weathering, first 
into rounded masses and afterwards into small angular fragments. 

At the upper limit of the Kasauli group some reddish clay bands arc 
seen on the cart road to Simla. These clay bands are softer and paler than 
those of the Dagshdi group, and resemble the clays of the lower portion 
of the upper tertiaries near Kdlka. This, the only trace of a connection 
between the Sirmur series and the upper tertiaries of this region, will be 

referred to further on. _ ■ . , A 

The Subathu group is most palpably of marine origin and of nummu- 

lilic a 'e show, by the nuLrous fossils it cootaios. The D.gsMl 

cTroup'’has yielded no fo.ssils, except some fucoid markings and annelid 
Tracks which are of no use for determining either the age or mode of origin 
of the beds, but the great contrast of lithological character supst^s a cor- 
responding change of conditions of formation, and it is probable that they 
were deposited either in lagoons or salt water lakes cut off from the sea, or 
were of subaerial origin. The Kasauli group has so far yielded no fossds 
but plant remains, and this, taken in conjunction with its general similari y 
TtL upper tertiary deposits, renders it probable that it is composed of 

fresh water, if not subaerial deposits. 

A short distance west of the Sutlej river the Subdthu group become 
covLd up by the newer beds, and is not again seen till the Jammu 
hills are rLched. Here there are some inliers of marine nummuli ms, but 

the most interesting exposures are those in tTe SuMthii 

tertiary limestones of Ridsi and the Punch valley.^ In these the Subdthi 
beds'est S perfect parallelism of stratification and every appearance 0 

SX Lte 350 feet of shales, with a couple of thin bands of 
limesLe,- the group being contably overlaid by the sandstones 

.. the n„„..iities . 

t. J IV e-j ftS761 • I »T. D. La Touche, iJwrrfs. XXI, 62, (1888). 

^ H. B. Medlicott, Records^ IX, 1 

R. Lydekker, Memoirs, XXII, 90, (1883). 
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underlaid everywhere by a silicious breccia of variable thickness, composed 
of perfectly angular silicious fragments^ cemented in places by Gelhilar 
limonite. The true age or nature of this rock is uncertain. Mr. Medli- 
cott thought it was a shattered condition of a sandstone band which often 
occurs at the top of the pretertiary limestone series, and in any case the 
angular nature of the fragments forbids the supposition that they have 

been transported for any great distance. 

So far there has been no difficulty in recognising the equivalent of the 
Subathu group, but in the sections west of the Jehlani there is a very great 
thickness of marine nummulitics, which doubtless in part represent the 
Subathu group, but probably cover a larger period of time. 

Ill the Salt range the principal member of the marine nummulitics 
is a band of fine, compact, grey or white, limestone, frequently cherty, of 
some 400 or 500 feet in thickness, which is unconformably overlaid by 
upper tertiary beds. Below the limestone there is from 50 to 1 00 feet of 
soft variegated shales or clays, with one or more coal seams. The clays 
are pyritous and decompose readily on exposure, the decomposed shales 
being burnt and employed in the manufacture of alum. These shaly beds 
contain a number of fossils, but the collections have not yet been examined 
in detail. Cardita heaumonti is, however, known to occur, and marks the 
age of the beds as lower eocene at latest. 

North of the Salt range, in the hills of the Hazdra district,^ the oldest 
member of the tertiary system is a great thickness of dark bluish grey, 
or blackish, limestone, with brownish olive shales. The rock is generally 
foetid and massive, sometimes distinctly, and sometimes obscurely, strati- 
fied. The distribution of this hill type of nummulitic limestone, as it has 
been called, is peculiar. It forms a broad belt throughout the Hazdra 
and Murree hills, from the neighbourhood of Abbottdbad past Murree, and 
along the spurs traversed by the Grand Trunk Road north-west of Rawal- 
pindi. The same rock forms the greater part of the Chittapahar range, 
and is continued west of the Indus in the Afridl hills, which are principally 
composed of this formation. 

The tract so defined lies immediately to the north of a great line of 
dislurbance, accompanied by much faulting and displacement of the strata, 
wdiich runs westwards from the neiofhbourhood of Murree. Thouo-h less 
sharply defined, this zone of disturbance corresponds to the great faulted 
boundary which separates the pretertiary rocks of the Himalayas from the 
tertiary formations of the sub-HimAlayaSj and is in the main a line of sepa- 
ration between the pretertiary deposits and the hill type of nummulitic 

^The account of the tertiary beds of the in Retards, yi, 107, (1S79) ; XII, 114, 20S, 
North-West Punjab is derived from Mr. A. B., (1881). 

W'ynne’s papers, of which the principal are j; ^ ' 
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limestone on the one hand, and the newer tertiaries on the other. The de- 
marcation is not absolute, for outliers of the newer beds are found to the 
north, and inliers of the hill nummulitic limestone to the south of the lino. 

The most important of these inliers is that of the Khaire Murut ridge, 
soiith-Vv’est of Rawalpindi. Here, as in the hills north and west of Murree, 
the hill nummulitic limestone is overlaid by an upper nummulitic group, 
composed of grey, red, and deep purple clays or shales, associated with 
masses of gypsum, and alternating with thin bands of limestone. The com- 
position of the group varies ; sometimes the limestones and at others shales 
are most developed in the lower part, and at times there are but few cal- 
careous beds. Strong zones of yellowish grey sandstones are found in the 
western localities, w-hile eastwards hard grey sandstones and purple clays, 
resembling those of the overlying group, are said to be included. Except 
in the sandstones, w^hich are unfossiliferous but for a few fucoid mark- 
ings, marine fossils are abundant, among which Nummulites^ Oporciilina, 
etc., are common. None of the fossils have been critically examined, but 
the age of the beds is evidently eocene, and probably upper eocene. 

There is still some doubt as to the equivalence of the marine nummu- 
litics west of the Jehlam with those to the east, that is to say,, it is uncertain 
whether the thicker series to the west merely represents the same period 
of time as the thinner series to the east, or a more extended one. Although 
the fossils of the Jammu inliers have not been examined, the presence of the 
ferruginous bottom bed and associated coal seam, together with the general 
similarity of the type of deposit and relations to the Dagshdi beds above, 
leave little room for doubt that the Jammu nummiilitics are the equivalent 
of the typical Sub^thu group, 

It would be natural also to regard the shaly marine beds, immediately 
underlying the sandstones and red clays of Dagshai type w^est of the Jeh- 
lam, as of contemporaneous origin with the typical Subithus, but as the 
distinction between the two groups is merely due to the cessation of marine 
conditions of deposit, there is an uncertainty as to whether the change took 
simultaneously on all the sections, and it is possible that the upper portion 
of the nummulitics w’-est of the Jehlam were formed contemporaneously with 
part of the typical Dagshli group, while the hill type of nummulitic lime- 
stone may be merely a deep water formation of the same age as the typical 
Sub^thus. 

In this connection the Salt range section is of some importance. The 
presence of coal seams in the shaly beds at the base of the tertiary rocks 
naturally suggests their equivalence to the Subithu group, and it is even 
stated that the pisolitic lateritic bottom bed of the Subithus is found in the 
Salt range. There is, however, some doubt as to this last. It is not pos- 
sible to recognise this bed with certainty in Mr. Wynne’s description, and 
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it is not evident whether the only specific statement of identity is based on 
actual obseryationd ' ^ 

The mere presence of coal seams is no proof of conteraporaneityj and 
what palaeontological evidenre is available points to an older age for the 
Sail range nnmmulitics than that of the Subdtha group. The presence of 
Cardita beaumonti^ a species characteristic of the passage beds betwee!i 
the crelaceous and nummulitic in Sind, in the shales below the main lime- 
stone of the Salt range, shows that they cannot well be later than oldest 
eocene in age» Of the 46 species described by Messrs. D’Archiac and 
Haime from the nummulitics of the Salt range, 13 are found in the 
Rdnikot, group of Sind, 14 in the Kirthar, of which 6 are also found in the 
Ranfkot, while 3 are found in G^j and Nari beds. From the Subdthu bed 
49 species were described, of which not one is also found in the Sait range, 
a difference of fauna which must be almost entirely due to the Subdthii be<i 
having been deposited in shallow muddy water, while the Salt range 
species inhabited a deeper and clearer sea. The same cause that led to 
the distinction between the fauna of the Subdthu and Salt range niminui- 
iitics restricted the number of Sind species found in the former, and we 
find that there are only 10 species in all, of which 2 are Rdnikot, 7 Kirthar 
and I G^j. The general facies of the fauna is consequently, so far as the 
more limited evidence allows us to judge, newer than that of the Salt range 
nummulitics. 

The upper portion of the nummulitic series is wanting in the Salt range, 
where the clear nummulitic limestones are unconformably overlaid by the 
upper tertiaries. It is not clear how far the hill type of nummulitic lime- 
stone to the north may represent the nummulitic limestone of the Salt 
range. Palaeontological evidence is wanting, and though there is a consi- 
derable lithological diversity, there is none that could not be accounted for 
by local variations in the conditions of deposition and by the greater dis- 
turbance that the northern beds have undergone. 

Whether there is an exact equivalence in time of the two types of num- 
mulilic deposits or no, the existence of marine conditions in the Salt range, 
at a period anterior to the formation of the typical Subclthu group, deprives 
us of any compulsion regard to the nummulitic series west of the Jehlam as 
coeval with that further east, and it is on the whole more natural to adopt 
Mr, Wynneks original correlation of the upper shaly beds in the western 
area with the typical Subdthus,^ and to look on the underlying limestones 
and associated beds as older, and unrepresented on the Subithu section. 

In the north-west Punjab and in the Jammu hills the eocene beds are 
conformably overlaid, and pass by interstratification into a great thickness 
of red and purple clays, with interbedded grey or purplish sandstones, 
1 Records^ IX, 54, (1876). ■ } ^ Records , X, 109, (1877). 
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precisely similar in litliological composition as in stratigrapbica! position to 
the Dagshdi and Kasauli groups of the Sirmur area. The ridge on which 
the hill station of Murree stands, as well as the hills to the south-east of it, 
are composed of these beds, which have consequently been known as the 
Murree beds.^ They have, however, been traced to the Rtlvi, where 
they are directly continuous with a band of rocks, originally regarded as 
representing the N^han or lower portion of the upper tertiaries, but 
now recognised as belonging to the Sirmur series. There is thus a 
direct continuity of outcrop, as well as a similarity of stratigraphical po- 
sition with regard to the marine nummulitics, which leaves little room for 
doubting that the Murree beds represent the Dagsh<ii and Kasauli groups 
of the Simla region. What little possibility of doubt there might remain is 
removed by the discovery of the palm Sabal major at Kasauli, and 
in the Murree beds in the Jehlam valley,^ and by the recognition of the 
Kasauli plant bed in the Ravi valley.® 

The plant in question ranges from lowest to middle miocene in 
, Europe, and as it is found in India near the top of a series of beds inter- 
mediate between the eocene and the lower Siw^Iikbeds, which are regard- 
ed as upper miocene on independent grounds, it will be seen that the 
stratigraphical position of the species is similar in the two areas, and that 
the Dagshiii and Kasauli groups may be regarded as covering the oligocene 
and lower miocene periods of European geology. 

Apart from these fossil plants no organic remains are known with 
certainty to occur in the Murree beds, any more than in the Dagshtli group 
in its typical area. Bone fragments, crocodilian scutes and exogenous 
fossil timber are found in certain beds, resting on the nummulitic lime- 
stone of the Salt range, which Mr. Wynne regarded as forming part of 
his Murree group.^ It is, however, very doubtful whether these beds can 
be regarded as the equivalents of any portion of the Dagshtli or Kasauli 
groups, or of the Murree group as originally defined, in spite of the very 
indefinite nature of its upper limit. There is a well marked uncon- 
formity between the nummulitie limestone and the beds immediately over- 
lying it, whose importance Mr, Wynne was inclined to minimise, but 
it certainly represents a considerable lapse of time, as is shown by the 
occurrence of conglomerates composed of pebbles of the underlying num- 
inulitic limestone at the base of the upper tertiaries, by the complete 
cutting out of the eocene beds at either end of the Salt range, and by 
the occurrence, as determined by Mr. Theobald, of Mastodon latidens and 
Rhinoceros pal-dsindicusm a fossiliferous zone, about lOO feet above the 
nummulitic limestone. These two animals mark the age of the beds in 
which they are found as upper miocene at oldest, and show that a great 

1 A. B. Wynne, Records, Vil, 66, (1874). ij ® H. B. Medlicott, Records, IX, 5% 

* O. Feistmantel, Records, XVf SK (*882). 1 , * Records, X, 119, (1877). 
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interval of time must have elapsed after the deposition of tlie middle eocene 
nummiilitic limestone, an inte ^vhich would be filled by the oligoceoe 
and loiver miocene Dagshdi and Kasauli groiijis. 

flow huytlie litliologic^^^ diotinclion between the Dagslidi and Kasauli 
groups is maintained in the Janiniu and Hazdra hills is not clearly determin- 
able from the published descriptions, but as the Miirree beds are said to 
pass wit!) perfect transition into that great series of upper tertiary deposits 
known as the Siwilik seriesy it is piobable that there is a distinction 
between the lower and upper portion, analogous to that between the two 
groups in the Simla region. 


1 he name Siwalik, originally applied to the range of hills separating 
the Dehra Dun from the plains, lias been extended by geographers to the 
fringing h 11s of the soiuhern foot of the Himalayan range, and applied by 
geologists to that great system of subaerial river depos its which contains 
remains of the Fauna antiqun dvale^isisF In spite of local variations 
of texture, inevitable from their mode of formation, these upper tertiary 
beds of the Siwalik series maintain a great uniformity of type along the 
whole length of the iiim^layan range. 

Lithologically the lower portion of the system is cliaracterised by a 
great thickness of fine grained grey, micaceous, pe[)per and salt sandstone, 
intcrbedded with clay bands near its lower portion, while the upper part 
of the system is composed of soft earthy clays, undistinguishable from the 
alluvium of the plains except by the disturbance they have undergone, and 
coarse conglomerates of well rounded pebbles and boulders of crystalline 
and metamorphic rocks derived from the Himdlayan ranges. 

In the neighbourhood of Ndhan this system was originally divided 
into two members/ a lower, to which the name of Ndhan was ap- 
plied, and an upper, to which the name Siwdlik was restricted. In 
this area the boundary between the two groups is a great fault, but 
there must be a real, if local, unconformity, for the upper Siwalik con- 
glomerates contain numerous pebbles of the N^han sandstones they 
are faulted into contact with. I'he distinction between the Nahan and 
Siwalik zones appears to be well maintained in a soutli-ea‘^terly direc- 
tion as far as the borders of Nepdl,, but to the north-wej-t it disappears, 
and there appears to have been a continuous series of deposits, ranging 
from the bottom to the top of the upper tertiary formations. No fossils 
have yet been found in the typical Ndhans, though it u ould appear that 
they do occur/ but to the north-west representatives of the Siwalik fauna 

i H, B. III, pt i,pp..l7, « See H. B. Memoirs, III, pt. it, 

101,(1864), p. {>864) j Rccotds, XlVh footnote’ 

H. B Medlicott, XI V, 173, (rSSi). (1864). 
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occur low down in tiie series, in beds which very possibly represeiiL the 
NAhan group as originally defined. Under these circumstances it has 
been found inadvisable to retain the separation between NAhan and SiwAlik, 
and the former are now classed as lower SiwAlik, ihongh the term 
maybe retained as a useful local designation for a particular type of 
formation. 

The NAhan group is composed of alternating beds of a fine grained, 
usually grey, firm sandstone, and of clays, usually bright red in colour 
and almost always some shade of red or purple, which weather in a 
nodular manner. The clays usually prevail in the lower part of the group 
and the sandstones ill the upper. 

The lithology of this group resembles very close!}' that of the Dag- 
shai group, and one might be templed to regard tliein as equivalent to 
each other. The equivalence cannot be absolutely disproved till the 
area west of the termination of the typical lower Himalayas, in the KAiigra 
valley and the Jammu hills, has been examined in greater detail than lias 
yet been done, but in the meanwhile there are good reasons for sup- 
posing that the lithological similarity between the two groups is due to 
a similarity in their condition of deposition and does not mean contem- 
poraneity of origin. In the first place the two groups are found in distinct 
areas, separated by a marked structural feature, exhibiting itself at the pre- 
sent day as a fault of many thousand feet throw. As will be shown in a 
subsequent chajtter, this fault— commonly known as the main boundary— is 
connected in a peculiar manner wi th the elevation of the HiniAlayas, and It 
is liighly improbable that the beds exposed south of it are of the same age 
as those found to the north. Another argument depends on the fact that 
no exposure of the SubAthu group lias been found even in the deepest 
cut sections of the typical NAhan group, and a third may be derived from 
the smaller degree of induration, indicating, tliough not proving, a younger 
age. In the country north of NAhan town, where the Nahan and Dagshai 
groups arc brought into contact with each other, on opposite sides of the 
main boundary fault, the sandstones of the former always weather into 
soft rounded lumps, while the DagsliAi sandstones weather into angular 
fragments, which have loit the sharpness of their angles, but exhibit a 
mudi less degree of weathering than that to which the NAIian beds have 
undergone Finally the red clay beds which have already been mentioned 
as occurring at the top of me. Kasauli group, though they differ some- 
what from the typical NAhan clays, resemble them sutficientiy to point to a 
return of the conditions of deposition which prevailed in the Dagshdi and 
NAhan periods, and suggest that on an unbroken section the NAhan would 
be found to overlie the Kasauli group. 

No fossils have been described from the typical NAhans. It is possible 
that some of the lower SiwAlik fossils found in the north west Funjab may 
. • . , ' ' ’ - . ' 2 A 2 
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have been derived from beds of the same age, but the supposition lacks 
proof. There seems however to be little room for doubt that Sir Proby 
Cautley did find fossn the nonhern side of the hill on which the town 
oi Ndhan stands, and consequently in the beds of the N^han group, bin the 
gpecimens were lost before they had been examined by a pateontologist. 

The Ndhan group is succeeded, on those sections w^here the sequence 
ig complete, by an immense thickness of soft sandstones, generally coarser 
in grain and more micaceous, mostly of a pepper and salt grey colour, 
with some ioterbedded bands of earthy clay, occasionally slightly tinged 
with red, but never assuming the bright red colours of the Ndliao clays. 
The argillaceous beds are, for the most part, confined to the lower part of 
the group, the middle part being usually composed of some thousands of 
feet of sandstones, without any intercalation of shale on the one hand, or 
any included pebble on the other. In the upper part of the group strings 
of pebbles occur among the sandstones, which become more numerous till 
bands of conglomerate appearand increase in abundance and coarseness. 

The uppermost group of all varies very much in character. Near the 
large rivers draining from the central Himalayas, it consists principally 
of coarse conglomerate, composed of rounded boulders of the harder rocks 
of the Himdlayan chain. In the intermediate stretches of ground it is 
composed largely of soft earthy bees precisely similar to those of the 
modern alluvium of the plains. 

I he details of this variation in lithology of the upper Siwalik beds, as 
well as the structural features of the Siwalik zone, are of great interest, but 
their principal interest lies in their bearing on the age and elevation 
of the Himalayan chain, and they will consequently be considered in the 
chapter devoted to that question. At present it will be sufficient to point 
out the conditions under which the Siwilik series was deposited. The 
earlier observers regarded this great series of beds as having been deposited 
in a sea, a supposition which is sufficiently disproved by the complete 
absence of any marine organisms, and by the occurrence of the remains of 
fresh water molluscs, fishes and tortoises. It is hardly possible that they 
could have been deposited in a fresh water lake, for it is not conceivable 
that a fresh water lake extending the whole length of the Himalayas could 
have existed. Moreover, the fresh water organisms whose remains have 
been found are all such as inhabit streams, and not lakes. But the most 
conclusive proof of all lies in the evident unity of the whole Siwalik series, 
pointing to the whole of it, with the possible exception oftheNdhan group, 
having been formed under very similar conditions, while the very close 
resemblance between the upper Siwalik beds and the recent deposits of 
the Gangetic plain leaves little room for doubt that the Siwalik beds were 
deposited subaerially by streams and rivers. 

The thickness attained by the Sivvilik series is immensec Mr. Wynne 
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estimated it at 14,000 feet iu the north-west Punjab. In the Siwilik 
hills there are at least 15,000 feet of beds, and the series is by no 
means complete, and similar vast thicknesses may be uieasuied on any 

section. 

The few mollusca which have been found in the upper Slwdliks belong 
solely to fresh water or terrestrial forms, and the first comparison that was 
made 1 was carried out under circumstances so unfavourable, with so poor a 
collection of recent species from India, and at a time when the latter were so 
imperfectly known, that but little weight can be attached to the conclusions 
formed The majority of the specimens obtained are in poor p re.se rvatiou, 
but all'the forms collected from upper or middle Slwalik beds, since the 
recent fresh water shells have been better known, have proved to be 
either identical with living species, or closely allied to them. Amongst 
tho e hitherto identified, the only land shell Buhnus 
species which ranges at the present day from Afr.ca ro Burma, whilst 
aLnast fresh water molluscs, the t«o common Indian over snai s Palu- 
dina %ngalensu and P. dissimilis. have been recognised, and forms of 

Melania^ Ampul laria and Unio also occur.'® 

So fir as the evidence extends, therefore, the few mollusca of the 
Slwkks tend to show that the beds must be of upper and middle tertiary . 
date But the evidence afforded by the mollusca is imperfect, and bo h 
closlr comparison and a larger series of fossil specimens are desirable 
befor" any very positive assertions can be made as to the antiquity of 
the Siwdlik series, on the data afforded by the invertebrata. In invests 
satin<v the question of age, we are consequently forced to depend, brst 
Lonlhe vertebrata, and especially the mammalia, and secondly upon 
such geological evidence of connection with other formations of known 
age as the rocks affoid. 

The first question, then, is the 

1 E, Forbes, in Failconer’s Palseontological 

M^^moirs, London, 1886, I, p. 3 ^ 9 * 

2 Theobald, MS.', Geoffrey Nevill, Records. 

XV 106 (1S82). As in this and the foUowng 
paragraph Mr. Theobald’s view of the affinkies 
of the Siwalik mollusca has been accepted m 
preference to the high authority of Proh E 
Forbes, it is only Jhsfc to say that Mr. Theobald 
has a far more extensive knowledge of living 
Indian fresh water shells than it was possible 
for any naturalist in Europe to acquire at the 
period when Prof. E, Forbes’ note uTis written. 

Indeed, it is evident from Prof. Foibes remarks 
that the collections of recent Indian shells 


homotaxial relation of the mainmaliaii 

examiwed by him were too imperfect to enab’e 
him to form a competent opinion. Mr, Ben=;on, 
a better authority on this particular subject 
than Forbes, considered the most, if not 
the whole, of the Siwalik mollusca identi- 
cal with existing species (Falconer; False- 
ontologica* Memoirs. I, pi>- 26, iSi). Of three 
species in the Survey collections, two were 
identified by Mr. Geoffrey Nevill with living 
forms. 

® Some extinct fiuviatiie mollusca have been 
found in the lower Siwalik strata of the Bug- 
,ti hills associated with a vertebrate fauna ol 

miocene facies. , See sup ns p- 3 ^ 9 * 
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fauna wliicli has been obtained from the two upper groups of the SlwcJliks 
series, The true age of tliis fauna, whether mioGene or pliocene, was at one 
time disputed there is happily no further controversy regard- 

ing this point, the question presents points of sufFicient interest to claim 
somewhat extended notice. 

The following list of genera, with the number of species of each that 
are known, comprises all that have been found in the typical Siwalik 
area, excluding the fauna of the Manchhar beds in Sind and of Peri ni 
island whiph appear to belong to an older period than the fossiliferoiis 
beds of the siib-Himdiayas; genera still living are distinguished by an 
asterisk: — 

' Primates — 

Troglodytes^ i ; 1 ; Semuopithectis, / ; ^Macacus, / % ^Cynocephahis^ 2 . 

Carnivora— 

M?i stela, / ; ^'Mellivo-ray2 i Mellworodon^ / ; ^Lntra, g; IT ymiodon^ 1 ; Ur$us, i ; 
Bycenarcius, 31 Ampliicyon, i ; *Ca7tis, 2; ^Viva'ra, 2; ^Hyeena, 41 Ltpthy- 
cBiia, /; Hymiictis, i i (El ur op sis, i; (Elurognle, 1 ; *Feiis,S; Mnchaerodiis, 2, 

Proboscidea— 

’^ElepJtas,6 : ^{Eiieleplias, j,^Loxodo}i, I, Stegodon, 4)1 Mastodon, SB 

Ungulata — 

CJinlicotherinm, i ; * Rhinoceros, 31 ^Equn$, i ; Hipparion, 25 ^'Hippopotamus, t ; 
Teiraconodon, i ; '^Sus, 5; Hippohyus, i ; S. niiheriivn, 1 ; Mery^opoiamus, 31 
’^’Cervus, s\ Dorcatheruim, 2; "^TraguUts, / ; *MoscIuis, 1 ; Pr^palmo^ne^yx, i ; 
^Camelopardalis, i ; Helhtd other iu7n, i ; Hydaspiilurinm, 2 ; Sivatherhiin, i ; 
’^Ali'elaphuSf I j *ba2ella, 11 * Coins, 2 ; * Antilope, 1 ; Hippofrag-us, 1 \ ^Oreas'd) 
^Strepsiceros, d) t; Bos^laplins, t ; Palaeoryx, (d) i; Hemibos, 1 ; Leptobos, 1 ; 
'^Bubahis, 2 j *Btson, i ; Bus, 3 ; Bncapra, i ; ^Capra^ 2-, "^Ovis, 15 *Ca?nelus, 2, 

Rodentia— 

* Mils {A'esokia), i ; ^'Rhyeoiiiys, '^'Hystrix, i ; ^Lepns, /. 

Aves— > 

* Phalacrocorax, i ; ^Pelecamts, 2; * Lc'pfoptihis, i *, B^Mergtis, l y^Striitliio, i ; 
"^Dromaeas, /. 

Reptiua— 

Crocodilia — j ; ^Gharialis, 3; Rliamprvsnchns, 7. 

Lacertilia — ^Vavamis, i. 

Chelonia — Colossochelys, i ; ^Damonia, 7; ^Bellia, 2 ; "^Kacliuga, 3 ; -^Hivolella, 
I ; ^'E?nyda, 4; *Trionyx, 1 ; *Chitra, 7 . 

^ Ciirclia 7 'ias, i ; ^ Oplnoceq halus, 7 ; ^Clarias, 7 ; *IIeferobranchns, i; '^Chrysichfhys, 
I ; ''^Macrones, 1 ; "^Rita, 7 ; * Arius, 7 ^Eagarius, i. 

Only very imperfect information exists as to tlie exact horizon in the 
Siivilik series at which the bones of a Jarge proportion of the species 
have been found, but the great majbnty are from the upper and middle 
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Siuiliks, none in the typical area being known to occur in the lower or 
Ncihan subdivision. It is, however, by no means certain that sonw* of tlie 
specimens i'rom the north-western Punjab are not dori\’cd From be<ls of 
tlie same age as the Nahan group, and it is highly probable that 
oilier forms with middle tertiary affinities would be found to be couhned 
to lower Siwalik beds, if the precise horizon of all the bones colleclcd were 

knownd' 

On the otlier hand, one pleistocene form, Bos (Bnim/tis) pihkvi?idlats, 
has been found in the highest Siudlik strata, assr.-ciated with Cdfnclus 
sivale72siSy Coiossochelys, etc. ; and two species of elephant, belonging to 
tlie subgeniis Sie^odou^ viz. E. instgvts and E. ganesay range throughout 
die upper Siuciliks, and recur in the pleistocene deposits. . The species 
of proboscidians generally appear to have had a more extensive range, 
both in space and time than most of tlie forms belonging to other mam- 
malian orders, but Bos paiadndu'tis \s. an animal of exceptionally recent 
aspect, even in ihe pleistocene mammalian fauna, since it is only distin- 
guishable from the living Bos bubalus {Bubalns biiffehis v, B. arm\ auct.) 
by comparatively trifling and unimportant osceological details. It must 
evidently have been a very near ally, and in all probability the not very 
distant progenitor, of the buffaloes which now inhabit the Ganges valley, 
Assam, and parts of the Central Provinces of India. 

d he Siwdlik forms, however, which might be exchsded on account of 
fcelonoing to an older or a newer fauna, and of being supposed, on more or 
less strong evidence, to be confined to either the lowest or the uppermost 
portions of the series, are too few in number to affect the gcneial facies, 
and there are unquestionably several miocene types and some pleistocene 
species found in the highly fossiliferous upper SiwcUik beds. It is best 
therefore, for the present, to include all the forms enumerated. 

Proceeding then to classify the genera of mammalia above given, 
it will be fcuiid that thirty- nine, comprising seventy-one species, still exist 
(the livirg species being, however, different in nearly every case], whilst 
twenty five with thirty' seven species, are extinct. 

Of the extinct genera, excluding those that are purely Indian, CEiarogalc 
and Hvsenodon are found in oligocene beds, the latter ranging into the mio- 
cene; of the miocene genera, Dorcathermm 2iXid Amphicyon are not known 
iiom newer beds, while Hysenarctus, Chalicotherimny and Hippai ion range 
into the pliocene, M achwrodzis and Mastodon into the |deistocene ; P/eila- 
docheritan and are purely pliocene forms, while the distinction 

of PJe-mihos from the living Bubalus is very doubtful 

Of the other extinct forms, not known out of India, two [Bippohytis^nA 

i A very large proportion of, the Siwalik [ tors, and of course the precise locality of the 
remains have leen obtait.cd by native collec* !, bones is in most of these cases doubtful. 
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MerfmpoiamMs)..: belong ' i^ the less specialised types cliaraGteristic in 
general of the older and middle tertiaries. Several others^ siigIi &B..Teira* 
conodon^ with its enormously developed premolar teeth, and the huge' 
four-horned Sivaiherimny^ifiex widely from anything now existing; but, 
being highly specialised forms, there is nothing in their organisation to 
indicate that they are of earlier age thaw newer tertiary. 

Amongst the recent genera represented in the Siwaliks, ten, viz. Musiela 
Felis^ Cam’s/ ' Fiver rgj Lufra^ Rhinoceros^ Sus^ Cervus^ 2 l\\A Hystrix 
are known to range as far back as upper miocene, and in one or two cases 
even further ; twelve, viz. Macacus^ SemnopithecuSy Ursus^Hy3e7ia^ Elepkas^ 
EqtiuSy HippopotamtiS'^ CamelopardaliSy Gassella^ Bos^ Capra, and 
are known from the European plioceue beds, but not earlier; whilst 
Troglodytes, Simia,' Cynocephalus, Mellivoray Cobus, A^itilope, Oreas^ 
StrepriceroSj Capra, Ovis, Camehis, Rhisofnysj have hitherto only 
been found in recent or pleistocene deposits, outside of India. 

This examination of the relations between the Siwdlik genera and the 
distribiiticn of similar forms in European tertiaries leads, as might be 
anticipated, to a somewhat uncertain result. The proportion of living to 
extinct genera is greater than is found in most miocene deposits, but not 
more than appears to exist -in the characteristically middle tertiary ossi- 
ferous beds of Sansan in France.^ The presence of four extinct genera 
not knowui to range above the miocene period elsewhere, is contrasted 
with the occurrence of twenty-tive genera not found elsewhere at a lower 
horizon than pliocene or pleistocene. There is perhaps rather more pro- 
bability that early forms, like Dorcaihermvi and Hya.'nodo7i, should have 
survived longer in India than they did in Europe, just as rhinoceroses, 
tapirs, and elephants still exist in the tropics, associated with a fauna 
amongst which they appear antiquated and out of place, than that 
such eminently specialised types as Macactis^ Bos, Capra, ox Eqnus, 
should have lived in miocene times, but the argument is of small value, 
for the miocene Cervns and Antilope were in all probability as highly 
specialised, or nearly so, as the Siwdlik genera. The fact, however, that 
the recent genera contain more species than the extinct forms is of some 
importance, since it is probable that types which were dying out would be 
represented by fewer species than those which were supplanting them, 
and which might fairly be credited with the vitally important power of 
producing distinct specific stocks by variation. A stronger argument for 
the newer age of the Siwdlik beds is to be found in the close approxima- 
tion between some of the mammals and the living species of the same 
genera, the most remarkable of all being the connection already noticed 

, ’ ^ Gervajs, Zoologie PaMontoIogie Frai^^aises, 2 nd ed., Paris, i^59»p*33S. 
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between the fossil buffalo of the uppermost Siwdlik strata, that of the 
pleistocene Jumna and Narbadd beds, and the common Indian species now 

existing. 

The anomalies exhibited by the mammalian fauna taken as a whole would 
doubtless disappear to a considerable extent if we knew the exact horizons 
from which the fossils were obtained, those forms with miocene affinities 
being more characteristic of the lower beds and those closely allied to 
recent forms of the upper. Yet, after allowing (or this, when we consider 
that the great bulk of the fauna was obtained from what is practically a 
single group of beds, and that the life of a species is probably in every case, 
and certainly in most, more extensive than the period represented by tlie 
particular beds in wdilch its remains are found, there remains a strong prob- 
ability that there was an admixture of types not found in beds of later than 
miocene age in northern Europe with the more typically pliocene forms 
wdiich prevail in the Siwalik fauna. 

The evidence afforded by the reptiles, birds, and fishes is even more 
decidedly in favour of attributing a later data than miocene to the 
Siwalik beds. Among the reptiles only two out of twelve genera, and 
only eleven out of tw-enty species are extinct, the remainder, Hai'della 
thurgi^ Damonia hamiltoni^ Kachvga hneata^ K, tectum^ K. dhongokaj 
Chitra indica^ Emyda vitiata^ Ghanalis paliistris, are all found living 
at the present day,^ while Crocodilus sivalensis seems undistinguishable 
from the recent C. palusiris* 

The six genera of birds are all represented in the living fauna of the 
world, and the same holds good of the fishes, no extinct genus of either of 
these orders having been determined in the Siwalik fauna. Moreover, two 
fishes {iMachrones aor and Bagarius yarrelli) are still living. 

Putting together the data derived from the fauna as a whole, it is im- 
possible to deny that the balance of evidence is in favour of a pliocene 
age ^ and this view is supported by some stratigraphical data. As 
the app’^oximate age of the Siwdlik rocks is a necessary element in 
any argument founded upon their fauna, it will be best to show how the 

^ R. Lvdekker, Records, XXIL $8, (1889), one of the tertiary periods of Europe” (Paloe' 

® This appears at first sight to be in direct ontological Memoirs. I, p. 28} tnan to class 
opposition to Dr. Falconer^s conclusions, but a the Siwalik fauna with the miocene of Europe, 
study of his writings leaves it doubtful In his later writings he certainly spcke of the 
whether he ever expressed any decided con- Siwalik fauna as miocene, but only incident- 
Yiction on the subject. He repeatedly noticed 'ally, whilst in some of his latest papers he ar- 
the close connection foetw'een some Siwalik gued in favour of man having been a probable 
forms and those now found in India, and ap- contemporary of Colossochelys and the Si- 
peared for a long time rather disposed to consi- wdlik mammalia— an idea which it is diffi- 
der that the tertiary mammalia of India “ lasted cult to reconcile with the miocene age of 
through a period corresponding to more than , ihe fauna. 
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stratigrapliica! evidence supports the vievY that these beds are of pliocene, 
and not of miocene age, before proceeding to notice some other interest- 
ing points of connection between the Siwallk and other faunas, recent 

■and extinct.. 

TKe ., siratigrapiiical, as distinguislie.d' from tlie purely .i'io.mot axial 
relations just discussed^ depend entirely .upon the connection between the 
ty|dcal Siwaliks /aiui the Maiiclihar 'beds- ' of Sind. l‘he position of the 
latter has, been .already, described, ■ and. it was shown that the 
Manchhar ■ beds, comprising. . wlnewe tlrickest. but Hide less tlian 10,000 
feet of strata, rest upon ■ .the Gaj group,, whose; age is determined 
by the far more satisfactory data... afforded by marine organisms, and is 
shown to be more probably upper than lower miocene: 11 ie lower 
Manchhar beds pass down into the . Gaj amcks, so that it is rtmsonabie 
to believe that no important difference-' of age . exists between the 
two. It has also been shown that the. aiuanirnalmii fauna of the lower 
Manchhars, although containing several species . in fonimon with the 
Siwaliks, is altogt tlier older in aspect, and that the niajority of the formi 
hitherto recognised belong to the peculiar types of even if>ed iingulales 
allied to Merycopoiamus and Authracoiherium^ i niermediafe in character 
between pigs and ruminants, and characteristic of the miocene 
epoch. In these lower IManchhar beds there is also found a form of 
Dinotherium^ miocene type unknown in llie Siwdliks proper, though 
found (the species being distinct) in the beds of Perirn island. Now, 

.there; .-can ■-be .-.no' reasonable'.: doubt ''that'"' the. :;i\laiichlmr''',-l:i'eds'''.o.:'f'.S-iiid,^ 
as a whole, correspond with the Siwdlik formation of northern India, 
for the two are portions of one continuous band of i,n>j,}cr tertiary rocks, and 
viewed in this light, the relations of the faunas are very striking, the 
fossiliferous lower beds of the Manchhar grou|> correspondii.g to ilie un* 
fossiliferous Mahans, and the almost unfossiliferous upper Manchliar r.>edis to 
the ossiferous strata of the Siweiliks. If, therefore, the lower Manchhars of 
Sind are upper miocene, so is the Kahan .group of the l-hinjabj and it is 
impossible, cither on stratigraphical or paUeontological grounds, to class 
the fossiliferous middle Siwabks lower than pliocene, tlm upper Siwaliks, 

•which contain Bm [Bubalui] palmmUcus^h^m^^ probably upper plio- 
cene. Briefly stated, the evidence i s- that the Siwdlik ' fauna is newer 
than the Manchhar fauna, and fomid in higherbeds^ and that the Manchhar 
fauna is not older than upper miocene..’-'’ ■ - , ' 

It is Impossible to enter at length into the detailed rtlatlons of the ! 

‘SiwMik fauna with the forms found in various' newer tertiary strata. Tiiere 
is however one European fossil -'.fauna'' which is ' of singular interest from 
its ’resemblance to that of the'Siwilik-beds*' -in - this colkctioii of extinct 
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mammalia, which was first discovered at Pikermi in Attica,^ and has since 
been found at Samos and Mytilene on the coast of Asia Minor, at Baltavar in 
Hungary and at Maragha east of lake Urmia in northern Servia, not only is 
there a remarkable admixHire of typlca^h forms with other species 

which have a later aspect^ but there is tlie same remarkable abundance of 
true ruminants^ amongst them several species of Girajidw of .d;;//- 
lope^ as ill the Siwaliks. In miocene strata, although runiinarits occui% they 
are in general but little, if at all, superior in number to the other 
artiodactyle ungulates , but in the Pikermi beds (including only the forms 
found at Pikermi) there are fifteen ruminants to one' pig and one Chalico- 
i her him ; in the Siw^lik fauna thirty-seven ruminants and Liit twelve other 
artiodactyle ungulates. Another point of similarity in the two faunas 
is the absence of small mammals. 

The following is a list of the genera found in the beds of Greece, with 
the number of species belonging to each genus: — 

Primatks — 

JShsapltliecus^ I. 

Carsivora— ■ ■ . 

Simo"y(yn, i ; /; Promehhitls^ Ictithehii Hycena, /; Hyceuarctu^, /j 

I/yanictis, r, JIachcvi odtiSi j ; I'elis, 4, 

PROBOscinriA— 

3Idsio.ion, 2 ; Dinotherhan, 

U N G u LA TA Peri ss o n ac t y la — 

Pkidijceros^ Ac2raiheyitt7n i II LeptoJon, /; Hilparlou^ /. 

UXCJ'U'LATA A'RTIODACTY LA—' ■. 

Sns^i\ Chalicoiheri nm [Ancyloilurhim), i; Dr>*mafherif/m 2 ; Antilope, ; Paheofrd- 
gus, /; Fii/uoyyx, 2 ; 'Jhig^’oceras, 2 ; Pahcureiis, j j A.ntidorcas, {?) i ; Gazelhr, ly 
Ci.7neUporJalis, /; HelludutLeyiiim, /. 

Rodent I A — 

3hiS [A corny s), i; Hytirix, /. 

Of birds, a Phasianus^ a Callus^ and a Griis have been identified ; of 
reptiles, bones of Tesiudomd Varanus, 

Of tiie above twenty-nine genera of mammals eighteen, including 
JhiladotherhaPj^ are found in the Siwdliks of India, besides Avhich the fauna 
bears in many respects the same similarity to that of Africa at the present 
day as the SiwAlik mammals bear to their living Indian representatives. 
Now, this Pikermi fauna has been freqently quoted as upper miocene, and its 
connection with the miocene beds in other parts of Europe is unmistakable, 

^ Gaiitlry : Aniiiianx fessiles ei Geofogfe de ' " ^ See; Fersyth, ^!ajor, Piac, dool, Soc,, 1891, 
FAUif|«e, 4^' Parid, 1^62, . , A l'P‘ ' 3 ^ 3 ' 
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BO lesS' tlian fifteen' species' .being undistinguishable fro.m those found, in, 
various niioceiie deposits. .Seve,r,al of these,species are doubtfully identified, 
but amongst the number are such characteristic forms as Mach^erodus cul* 
tridens, Mastodon turlcensis,^ and Hipparton graciie. But, as M. Gaiulry 
points out in .the clearest manner, the ossiferous beds of Pikernii contain 
at their base, and below the horizon whence the bones liaveljeeii obtained 
8. layer with pliocene marine fossils, and al! the beds containing tlie bones, 
too-ether with , the 'pliocene, marine beds, rest uncooformably on lacustrine 
miocene rocks, T,!iere 'Caii be, therefore,^ no reasonable doubt tliat the 
Pikermi fossils, like the middle, Si wdliks,. ■are of, pliocene age, and that the 
qu,otation, of them as miocene is an error.^ At the. same time the absence 
of ■ some characteristic living genera, such as Ekphas and Bos^ gives a 
somewhat older facies to the Pikermi tlian to the Siwdlik fauna. 


The points of similarity betw^eeii the. -Eiiropeaii mioceiie faiinas and 
the animals now inhabiting either ■ tropical ■ Asia or Africa south o,f the 
Sahara may be 'due either to .migration, and survival i.ii a .more favour- 
able climate, or to the fauna having been formerly more uniform over 
large areas, and to the modified descendants continuing to live in one 
region, whereas they have died out and been replaced by distinct types 
in other parts of their old province.^ On the latter hypothesis we may 
suppose that the fauna of central Etirope and Malayasia was more or 
less uniform in the lower miocene period, and that Greece and Africa 
formed a single zoological province in pliocene days, but that the gibbon- 
like apes, Tupaiadao and other Malay types, died out in centra! Europe, 
and the giraffes, antelopes, etc., in Greece, whilst the descendaiiis of their 
relatives survived in the Malay countries and Africa respective!y. The 
theory of migration presents, on the whole, fewer diriicultics^ and is in ac- 
cordance with the little we know of the Indian miocene (Maochhar) fauna, 
in which living tropical forms appear to be less representei! than in the 
deposits of that age in Europe. It is not unreasonable to suppose that 
some of the forms namecl, and especially the ruminants, migrated into 
southern Asia at the close of the miocene period* 


^ For the theory adopted by M. Gaudry to 
account for the survival of these miocene 
animals in pliocene times, see •‘Ariiraausf 
fossiles et Geologse de I’Attieiue,’* p. 3.13. It 
appears simpler to believe that the miocene 
iauna of Europe migrated to the southward, 
and that many species sartived in Greece after 
they had died out north of the Alps* Hence 
the admixture of pliocene and miocene types. 
A further contribution to the question, .by 
M. Gaudry, was publhhed In 1880, BulL 


Geal, Franc^f 3fd serks, XIV, 2b8. 

* !t is assumed in the present and in other 
arguments employed in this work that rtimilariiy 
of organisation implies relationship by descenti 
Le. that an}m.ais having similar structure are 
descended more or less remotely from the same 
ancestors. The theories of evolution, and 
of origin' of species by descent with modifica** 
tion, ^are n'ow so widely accepted amongst 
natnra lists that l| is unnecessary to explain or 
defend them* - ' ” 
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It is true that amongst the marine invertebrates there is a well marked 
resemblance between the miocene genera of Europe and living tropical 
forms. The liidiaiT and African land faunas of the early and middle ter- 
tiaries are as yet too imperfectly known for any comparison to be made 
between tlieiii and those of the same epoch in extratropical regions. It is 
not improbable that there may prove to have been a greater similarity 
than exists amongst the terrestrial forms living ar present, and it is also 
probable that, if such similarity existed, it will he found to have consisted 
mainly in the greater richness of the extratropical fauna in middle tertiary 
times, and in a number of types now extinct or confined to the tropics 
having been represented in both tropical and extratropical zones of cli- 
mate. This last probability is founded on the fact that the temperature 
of Europe in the miocene epoch was in all probability nearer to that of 
the present tropics than to the temperate climate of recent times, and that, 
consequently, whole families of animals, and of plants intolerant of cold, 
then ranged to much higher latitudes than they now do. 

It is by no means an improbable inference that the representation of 
European miocene genera in the Indian Siw^liks is due to changes of cli- 
mate in later tertiary times and to a migration of the fauna towards the trop- 
ics. There is good reason for believing that Europe and south-eastern Asia 
were connected by land after the eocene period, and as it is certain that, 
a great porti)n of the disturbances affecting the tiimdlayan strata are of 
oliocene or post pliocene date, it is reasonable to conclude that, at the close 
of the miocene epoch, the mountain barrier which now separates the Indian 
peninsula from Central Asia did not exist, or was so much lower that it 
afforded little or no obstacle to migration. 

Bat the immigration of the European miocene forms may not be the only 
way in which only the SiwAlik fauna was affected by the secular refrige- 
ration of the eartl/s surface, culminating in the glacial epoch. It is true 
that there is a considerable amount of similarity between the Siw^lik fauna 
and that of India at the present day, but, nevertheless, there is a very 
striking distinction — a distinction due less to change and replacement 
than to disappearance. Even after making allowance for the fact that the 
whole assemblage did not exist contemporaneously, there is nothing so 
striking in the fauna of the Siwilik epoch as the wonderful wealth and 
variety of forms. It must be recollected that we know little or nothing of 
the smaller mammals, and that animals of size inferior to a pig or a sheep 
are scarcely represented. It would be premature to infer that, as at the pre- 
sent day, the more minute forms exceeded the larger types in abundance, 
for the conditions of intermediate ages may have affected the more bulky 

t This will be foiirid to agiee with the con- j of the derived from other conside- 

cbsion regarding the probab!© date of' origin I rations* See Chap. XVil. 
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animals far, ..more than the minute Rodenlia^ /nseciimra:^ Ckiropieraj etc... 
^Stiliit is only „ reasonable to suppose tliat.ibe ancestors of the present Micro-‘' 
mammalia lived in the same profusion as they do now, and it is incro 
dible that the,, liviiig' rtxlents^^ and insectivores can . play ,the , parts' on, the 
modern stages^ and, fulfil tlie functions^ of the great ungiilatcs and carnivores 
'0.1 past', times, Comparing like with like^ and especially passing .in revie,w, 
Carftivofay Proboscidean ^ BX\d .Ungtdaian all, represeiiled, and, aih 
" except, 'the, Proboscidea, ivcdl , represenle,d. in th.e'd,ivjiig ..faiJiia,,of 
incleed, better., tliaii in most other .parts "ol 'tlif ^\’or}€!. ,'a,t. L.lie present ■ clay., ,■ it 
, is, i.iB,possible .not to,, be.striick: 'wiih the; comparative poverty in, 'variety of 
existing. !iia'nimalia.ii' types. W,e have of ..course but , a.ii imperfect 
knowiedge eveo of, the larger SiwciI.ik.,anin>a.!sj.aiKl \r.eri'iai.ii.s ^of 
are rare, so much so that proLabh* many species remain undiscoverech 
but even at present the known Siwdlik candvores are mure numerous 
than "t.lie. living, .'forms' O'f'. similar size in the- same area,, and ' ■tl.ie irogidates ' 

^ exceexie.d', .i.liei.r, living number i'li tl'ie: proportio,n of , more' 

'thaii.:thre'e..to on€j there being fity-six known Siualik species, and only 
..eigiiteen''. recent.' The superior w'eaith of the. older fauna is both generic 
. and' specific ; not, only are the types more varied,, but there .is, a greater, 
variety of forms in , many of the genera,- and , no less eleven, .extinct 

elephants and mastodons are represented by a solitary living form. Even 
such modern types as Bos have dwindled in numbers from six to two. 

:,, This. " great jrapoverishment of - th'e:, re'e.ent ,. .nKiniinalian, ,fa.ii^ 
peculiar to India, It is found in other parts of the Old World and in 
'..A'merica, 'w-herever,': remains of-,'a'nim.als';'have. ,'.bee.n. 'preserved ' i'-n ■s.ii.fiicienfc.,' 
c|uantiiies amongst the deposits of the later tertiary cpocdis fur a good 
idea of the fauna to be presented. In the words of ^Ir. Wallace, ^WVe 
live in a zoologically impoverished world, from which all the largest and 
fiercest and strongest forms have recently disappeared and he makes 
the happy suggestion,^ that this enormous reduction in the numbers of 
the greater mammals is due to the glacial epoch. Thus, w'c have an addi- 
tion to the arguments urged in the first chapter/ in favour of India 
having been affected by a cold period in the geologically recent past. 

Wieograpbic^I Distributiori of Animals,!* ® Sttpta^ p. ij. 

p. 150. 



CHAPTER XV- 


LATERITE* 

General characters and compoiSiti jn^ — Distinction of high level and low level laterite — 
Distribution and mode of occurrence —Theories of the origin Resume, 

All who have paid any attention to the geology of India niust be 
familiar with the term ^ laterite/ and no one can have travelled far in India 
without meeting with the sub-dance itself, which is still one of the stum- 
bling blocks of Indian geology. Although it is difficult to conceive 
that a rock, so widely spread in India and Ceylon, and said to be extensively 
developed in hlalacca and Sumatra, while some occurs in Burma, can be 
peculiar to these regions/ it is uncertain if anything precisely similar has 
hitherto been detected elsewhere. It is almost invariably a surface form- 
ation3ancl according to some observers, nothing but a form of soil; yet it be- 
comes an important formation from the very large area in India, which it 
superficially covers, and a treatise on Indian geology W’-ouid be imperfect 
without a full description of tlie rock. 

I'he order in which its description conies is governed by the fact that 
while there can be but little doubt that some forms of laterite are 
in process of formation at the present day, others date from tertiary, and 
perhaps from eocene, times, and as the rock is usually unfossiliferous it 
appears best to describe all the varieties together before proceeding to 
the description of the posttertiary rocks. 

The description of laterite, given in many geological works, is far from 
accurate, although the rock has been well described by several Indian 
geulogistsA In its normal form it is a porous argillaceous rock much 

N'eu'bold’s account f>f the laterite of Bidar, 

As. Sac. XlII, 98.^, (1844) j ^uur.As, Soc^- 

Beng.^ XiV, 299, (1845) and Jotir. Roy. As. 

VHI, 227 (1846). Tne descriptions of 
laterite scattered through (he writings of various 


^ Voysey states that it is found at the Capa 
of Good Hope. It is a noteworthy fact tlrnt 
no lotr,rJte has been det.'JCted fn, Abyssinia, 
where the rocks tbroughcmt a large area o: 
country are precisely similar to those of the' 
Bo uhay Deccan* In inap No. 4 of Berghaus^ 
Fhydcal Allas, laterite Is rerresented as cover- 
ing nearly a quader 0: the dry land of the eanh. 
The term is, however, used in a drifi rent sense 
to that here applied. 

* It wouhl be difficult to give a description 
of any lock ii.-ore clear and .accurate than' 


Indian geologists arc too numerous to quote. 
Amongst the more important are the following— 
Buchanan, journey from Madras through My- 
sore, Canara, and Malabar, London, 1807, 11 , 
9.440. Stirling, As. XV, 177, (1825); 

Clmsu% AVDz, AV® P/iil. ^Jour.,Vl, 117,(1829); 
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impregnated witli iroa ■ peroxide Jrtegularly distributed the 

mass, whose compGsitiGii may be gathered from the foliowiiig analysis .of a,, 
very richly ferraginous .variety from RangtooftJ-— » 
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The iron exists eTher entirely in the state of hydrated peroxide 
(limonite) or else partly as hydrated and partly^ as anhydrous peroxide. 
The surface of laterite after exposure is usually covered with a brown or 
blackish brown crust of limonite, but when freshly broken, the rock is 


.and Mad, Lii., See, .IV,. 46S, (1S36); ■; 

CaWer, AV&'., XVIII, 4, (1833) ; Cote, Mad, [ 
■ymn Lit, Sci,^. IV, ico, (1836).; Voysey, yaur,.] 
As, So€, Beng,f XIX, 273; (1850); Kelaartr 
£din, iVew PMi. LIV, 28, (1853);* 

Carter, four, Ba. Br, Raj?, As, IV, 199, 1 
(1852} ; V, 264^ (1857) * Ayloua, Edin, AViy 
PhiL fimr,, 2nd series, IV, 67, {1856) ; Butet., 
Trans^ Bo, Geag, S&c., XV, xxii, {1859). 

The subject has also been frequently treated 
m the .publications. c.f .the Geological Survey,' 
especially Memoirs 1,69, (1856), 265-280,(1859);' 
IL 78. (i860) ; IV, 260. (1864) f X, 27, (1873)4. 
Xli, 200, 224, (1876) ; Xin, 222, (1877) ; XVIII, . 


i2.2,..{iS8i) ; XXIV, 217 and 239, (1890); ■ where" 
an 'a-ccount of all previous notices . te ."given. 

; See a-lso RccardSi X\’, 93, (1882) ; XX.I.I., .220,: ' 
; C18S9)..-. 

1 ^'four. As, Sac, Beng,^ XXII, 19S, (1853). 
i'Tbe result given is the mean of three an- 
, aly&es made in the Iab>’>ratr3*ry the School of 
? Xlines, London, The following are assays of 
i the.-quantity of iron contained i» the portion of 
' laterite soluble in acids. The analysis of first 
{ hve-and No. S were made by Mr. Mallet for 
[the .first edition of the present work ; the other 
; three a*“e from the priper on the lateriie of 
j Orissa {MemdrsJi p* 28S) 


High-leyelteterlte overlying Deccan trap, Amarkantak 
2» Ditto from M^in Pat, Sarguja . , * 

.3*:. . p ... ...... . ..from;."', ■Ba.pla.imal,L':.piateau,.''..''KdM!iaiidlj. 

south of Sambalpur * * 

4 * ^hto from top of Moira hill In the Kharakpur 

5 - Ditto from. Mahudgarhf hill, hills . 

6* Laterite (high-level) from Kdthiiw^r, Western India * , 

7. Low-level laterite^ from Daltola, Cuttack, .Orissa 
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mottled with various tints of brown, red, and yellow, and a considerable 
proportion sometimes consists of white clay. The difference of tint is 
evidently due to the segregation of the iron in the harder portions, the 
pale yellow and white portions of the rock, which contain little or no iron, 
being very much softer, and liable to be washed away on exposure. Oc- 
casionally the W'hite portions have a brecciated appearance, and consist 
of angular fragments in a ferruginous matrix. In this case the rock has 
not unfrequently a compact texture resembling jasper, but it is never so 
hard as a purely silicious mineral. 

The iron peroxide not unfrequently occurs in the form of small pisolitic 
nodules, which are sometimes employed as iron ore. Veins and nests of 
black manganese have been observed by Newbold in some iaterites of the 

Deccan.^ 

in many forms of laterite the rock is traversed by small irregular 
tortuous tubes, from a quarter of an inch to upwards of an inch in dia- 
meter. The tubes are most commonly vertical, or nearly vertical, but 
their direction is quite irregular, and sometimes they are horizontal They 
are usually lined throughout with a crust of limonite, and except near the sur- 
face are often filled with clay. Besides these, there are sometimes horizontal 
cracks, occasionally expanding into small cavities, and giving an appearance 
of irregular stratification to the formation. In the more massive forms of 
laterite some horizontal banding is usually present, the cavities beneath the 
surface being mostly filled by more or less sandy clay. When first quar- 
ried, the rock is so soft that it can easily be cut out with a pick, and 
sometimes with a spade, but it hardens greatly on exposure. , 

1‘he exposed surface, whether vertical or horizontal, is characteristic 
and peculiar, it is extremely irregular, being pitted over with small 
hollows, caused by the ivashing away of the softer portions, and gener- 
ally, ti] 0 ‘Ugh not always, traversed by the tubes and cavities just described. 
At times it is so much broken np by small holes as to appear vesicular, 
wlulst the crust of limonite forms a brown glaze, often mammillated or 
botryoldal, -so that the^ rock has a remarkably scoriaceous appearance 
and bears a very curious resemblance to an igneous product. It is not 
surprising that many observers should have looked upon laterite as vol- 
canic, for not only does it often present this' remarkable superficial reseiii- 
blaiice to a scoriaceous lava flow, but'itqs found, in several parts of India, 
associated with basalt and other igneous, rocks. Laterite, however, as will 
be shown presently, is never an original form of igneous Tock. It is in all 
cases either produced by the .alteration of other rocks, sometimes igneous 
sometimes sedimentary or inetamorphic, or else It is of detrital origixu 

The laterite frcc|aeiit!y ■ appears , to' -pass into the 'underlying rock, 
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whether this be Igneous, metamorphic, or sedimentary. In the case of basalt 
or gneiss underlying laterite the upper part is decomposed, forming a 
clay, which becomes a kind of lithomarge passing by insensible grada- 
tions into laterite itself, through its impregnation with iron by the water 
trickling through the laterite above. In fresh sections, where a detrital form 
of laterite is the overlying rock, the limit of the two can usually be traced 
without difficulty, but surfaces which have been exposed for a length of 
time are generally covered with more or less of the limonite glaze and the 
lithomarge can no longer be distinguished from laterite.^ This lithomarge 
is always more ferruginous above than below ; it varies in colour from red 
through yellow to white, being usually mottled, not frequently coloured 
purple or lilac in patches, and a few pipes often occur, apparently produced 
by the percolation of water. 

Another form of lithomarge, found beneath the laterite in many places, 
and especially to the northward, consists of hardened clay, sometimes 
sandy and generally highly ferruginous, which shows no tendency to pass 
into the underlying rock, although it usually exhibits unmistakable transition 
into the laterite above. In these cases, the laterite and lithomarge together 
form a group of beds superposed, as a rule unconformably, upon 
older rocks of various kinds. In some instances, as in Bundelkhand, this 
infra-lateritic formation contains pebbles,^ and there is every reason for 
believing that it is a rock of sedimentary origin. In some cases the 
present form of lithomarge contains haematite or limonite in quantities 
sufficient to enable the mineral to be collected for iron ore, as in Bundel- 
khand, near Jabalpur, and on the eastern flanks of the Rajmahal hills. ^ 

One peculiarity possessed to an eminent degree by all forms of laterite 
is the property of broken or detrital fragments being recemented into a mass, 
closely resembling the original rock. Laterite itself has great powders of 
resisting atmospheric disintegration, being produced by long action of the 
atmosphere upon various ferruginous clays, but the underlying formation 
decomposes, is slowly washed away, and the originally horizontal cap of 
laterite, falling down, becomes reconsolidated on the irregular surface, 
which it still covers. Another form of reconsolidated laterite is composed 
of broken fragments, washed down by rain and streams to a lower level, 
at which they become recemented. 

The surface of the country composed of the more solid forms of la- 
terite is usually very barren, the trees and shrubs growing upon it being 
thinly scattered and of small size. This infertility is due, in great part, 
to the rock being so porous that all water sinks into it, and sufficient 
moisture is not retained to support vegetation. The result is that lacerite 
plateaux are usually bare of soil, and frequently almost bare of vegetation. 

* Memoirs^ I, 283, (1859). I \ ^ Memoirs ^ II, 81, (i860); XIII, 241, (1877). 

^Memoirs, II, 84, (xSoo). I . 
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Of course, this barrenness is not universal, soil sometimes acciunuktes 
on laterite caps, and some of the more gravelly or more aroillaceous 
varieties support a moderate amount of vegetatioiu Still the general 
effect of the rock is to produce barrenness. 

Several writers have divided the laterite into two forms, high level and 
low level laterite, the former of which was supposed not to be, the other 
to be, of detrital origin, and by some it has been urged that the term should 
only be applied to the latter of these. 

The high level form, which is found capping the summits of hills and 
plateaux on the highlands of central and western India, is a rock of 
fine graiiij and apart from the irregular distribution of the iron it contains, 
fairly homogeneous in structure ; it is not sandy, and only exceptionally 
shows any indication of a detrital origin This type Mr. Foote ^ has pro- 
posed to distinguish as iron clay, a term used by Voysey, one of the 
earliest observers, but also used by him in describing the low level detrital 
laterite of Nellore. 

The low level laterite, which covers large tracts in the neighbourhood 
of both coasts, on the other hand, frequently contains grains of sand and 
pebbles, imbedded in the feiTuginous matrix. It is, as a rule, less homo- 
geneous than the high level form, and passes by insensible gradations into 
sandy clay or gravel with a very small proportion of iron, especially in the 
exposures that have been classed as laterite on the east coast, many of 
which have little or no claim to the name if it is to be used in any litho- 
logical sense. On the west coast the exposures are more truly lateritic in 
their nature, and there are large areas . of rock which do not appear to be 
detrital in their origin and are undistinguishable, except by position, from 
the hkh level laterite of the Deccan. 

■■■■■■■ O- 

This fact shows that no hard and fast distinction can be drawn 
between the high and low level laterite, out there is undoubtedly on 
the whole a difference in age and origin between the two types, and 
those geologists who consider that the name of a rock should distinguish 
not only its composition and structure, but also its mode of origin, are 
justified in refusing to use the same word to designate both. At the same 
time there is nothing in the description of the original propounder of the 
name to indicate that he restricted the word to one form rather than the 
other. There is good reason to suppose that some of the laterite in the 
district he examined is, and some is not, of detrital origin ; moreover, the 
word has by convention come to be used so generally as an ill defined but 
convenient term, descriptive of the constitution and nature of the rock, 
irrespective of its mode of origin, that it would be inconvenient, if not 
impossible, to attempt a restriction of its meaning. But, though it is im- 
possible to distinguish between the high level and low level laterites, if by 

^ XU, 201,, (i 870), 
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those terms there is implied any theory involving the supposition of an 
essential difference in age or mode of origin, yet the terms are convenient 
when they merely refer to the position occupied by the rock, whether on 
the highlands of the interior, or on the lowlands near the coast. 

The fact is, that it is frequently impossible to determine whether the 
laterite is detrital or not, a difficulty well shown by the beds which occur 
interstratihed with lower tertiaries near Surat. These beds are sedi- 
mentary, for marine fossils were found in one of them, yet they are not in 
the least sandy, and they resemble the laterite or iron clay of the Botnhay 
Deccan so closely that, when these laterite beds were first examined by 
the Geological Survey, they w^ere supposed to be volcanic rocks altered by 
surface action. The mistake, it should be added, was partly due to an 
apparent intercalation of basalt and nummulitic limestone, subsequently 
louiid to be caused by faulting. 

The high level laterite is chiefly developed on the Deccan plateau, 
especially on the highest portions of the Sahyadri range, and of the 
spurs running from the Ghats. It forms a cap on the uppermost traps 
exposed on the plateau, being also found at lower elevations, but the 
lower beds are, as a rule, of small extent or thickness. The summit bed, 
as it is termed by Mr. Foote, ^ is not more than 50 to 90 feet in thickness 
in the southern Maratha country. It is about the same at Mababalesliwar, 
but from 100 to 200 feet at Bidar north-west of Haidarabad, It occurs 
at varying heights above the sea, 4,700 feet at Mababalesliwar being probably 
the highest point, whilst at several places in the southern Mardthd country 
it is found capping ridges and isolated hills from about 2,000 to nearly 3,500 
feet above the sea, always overlying the highest lava flow in the country. 
Ar M^tberan, near Bombay, and on some neighbouring plateaux, there are 
caps of laterite at about 2,000 feet above the sea, but these do not 
belong to the summit bed, as the traps on the tops of these hills are 
not high in the series. Some of the laterite caps are very extensive 
The bed at Bidar is said to be twenty-eight miles long from west-north- 
west to east south-east and twenty-two miles broad, and the area of late- 
rite at Kaliani, forty miles west of Bidar, is of even greater extent.® 

The greater portion of the trap area in the Deccan has not been closely 
examined, but so far as is known, laterite is of rare occurrence, except 
near the Western Ghdts and in the southern Mardthd country. A few 
very small caps are found south-west of Ndgpur, in south-east Berar, and 
probably similar small outliers occur here and there along the south-eastern 
margin of the volcanic region* Farther to the north-east, laterite occurs 
at Amarkantak and on the eastern outliers of the Deccan traps, at Mdin 
Pit and Jamira P£t in Sdrguja, being from 100 to 200 feet thick on the 
^ XII, 20a, (t8;6). I four, I^oy, As. Soc.. Vill, 228, 
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former. North of the Narbada also, in Revvd, Bnndelkhaiul, and in other 
states as far west as Gujer^t, laterite is found, sometimes as much as 
200 feet in thickness, cap{ 3 ing outliers of the trap series. 

In all the localities hitherto mentioned laterite occurs resting upon the 
Deccan traps, but the high level laterite overlaps the traps, rests upon older 
rocks, and is found in places some hundreds of miles beyond any existing 
outlier of the volcanic series. Instances of this kind have been noticed 
by various observers in the southern Mar^th^ country/ the same latcndte 
bed being apparently sometimes continued from the trap surface on 
to the transition or metamorphic rocks, whilst nunierons outliers on 
the older formations are known to exist. Caps are said also to occur 
at high elevations on the Dambal or Kappatgod hills, east of Dh^ir- 
w^r, and on hills in the neighbourhood of Bellary and Ciiddapah.® More to 
the north-east; in the high grounds of Patiid, Kdlabandi, Bastdr, Jaipur, 



etc., between the Mabinadi and Godavari, caps of laterite, 50 to 100 feet 
thick, occur on many of the higher hills^ at elevations of between 2,000 
and 4,000 feet above the sea. The most eastern exposure known to occur 
in this neighbourhood is on the Kopilas hill, about 2,030 feet above the 
sea, and I2 miles nearly due north of Cuttack.^ To the northward a 
great expanse of laterite is found on the Chutii Nagpur plateau at eleva- 
tions varying from 2,000 to 3,000 feet above the sea in several places, and 
especially to the north-west of Jashpur / it caps ridges and peaks in the 
usual manner, but differs from the usual high level laterite in covering hills 
and valleys alike, and is probably in part a reconsolidated formation. 
Leaving, for the moment, the R^jmahdl hills, which require separate 
notice, a thick mass of laterite occurs at an elevation of 1,500 feet on 
Moira hill, the highest peak of the Kharakpur range. Turning thence 
westw^ard, caps of the same rock are found, outside of the trap area, at 
several places in Bundelkhand,^ and at two near Gwalior,*^ all on the highest 
ground of the country. 

Besides the above mentioned localities laterite has been reported to 
occur on some of the hills of Southern India, but ferruginous clays have 
possibly been described under the name of laterite, which have little of 
its true character. Such is the case with the Nilgiris, one of the localities 
mentioned by several geologists. No well authenticated occurrence of 
laterite is known at an elevation exceeding 5,000 feet above the sea. 

There is, however, a very important bed of this rock on the R 4 j- 

s Newbold, four, A$, Soc. Beng,, XIH, 90 , * The information of the occurrence of laterite 

(1B44) ; four, Bojf. As. Sac., VIII, 228, (1846) j on Kopilas hill was obtained by Mr, Ball from 
Foote, Memoirs, XII, 205, 217, (i8;6). Dr. Stewart, of Cuttack. 

^Newbold, four. As, Soc., VIH, 228, ® Ball, X, 170, footnote, {1877). 

(jS 46). * if- Medlicott, Memoirs, 11 , 82, (i86c). 

s Balk Records, X, 160, (1877). \ ^ Hacket, Records, III, 41, (1870) . 
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mahiti hills in Bengal^ These hills, like the highlands of the Bombay 
Deccan, are composed of bedded basaltic traps, and, as in the Deccan, the 
very highest bed consists of laterite, Mahudgarhf, the highest plateau in 
the range, 1,655 feet above the sea, being capped by this formation. The 
laterite in the Rdjmahal hills is, in places, as much as 200 feet thick and 
it slopes gradually from the western scarp of the hills, where it attains its 
highest elevation, to the Gangetic plain on the east. Here, too, there is 
sometimes, as in the Deccan, an apparent passage from basalt into laterite, 
but the latter rock to the eastward is distinctly identical with the low 
level laterite o{ Bengal, and is clearly of detrital origin, whilst, even at 
considerable elevations in the hills, fragments, derived from the shales 
interstratified with the basaltic flows, are found imbedded in the laterite, 
so that, no distinct line having ever been drawn between the beds at differ- 
ent elevations, we appear in this case to have a passage from the high 
level into the low level laterite, and reasons for supposing that both were 
originally of sedimentary origin. The case, it should be remembered, is 
not clearly proved, the laterite of the Rdjmah^l country not having been 
specially examined with a view to test the connection between the beds to 
the eastward and those to the westward, but the two appear to be parts 
*'of the same formation, and it is certain that both are in this instance 
detrital.® 

The evidence hitherto collected is insufficient to justify the conclusion 
that the high level laterite once fornaed a continuous bed, occupying the 
whole surface of the Indian peninsula from the Ganges valley to the neigh- 
bourhood of Madras, but the manner in which caps now occur upon isolated 
peaks and ridges clearly shows that they were once much more extensive, 
and that only the remnants have been left undenuded. It is difficult, in pre- 
sence of the great amount of denudation which has taken place since the 
laterite caps were part of a more extensive formation to escape the conviction 
that the high level laterite must be of considerable geological antiquity. 


Before proceeding to discuss the 
laterite, it will be best to point out 

* The laterite has been but briefly noticed; 
see T. Oldham, Jour. As. Soc. Beng.y XXIH, 
273, (1854) ; Ball, Memoirs, XIII, 222, (1877), 

® There is a possibility that the connection 
between the high level laterite and the low 
level laterite of the eastern coast is not con- 
iined to the solitary instance of the R^jma- 
bdl hills, although no other equally well mark- 
fed case of passage can be traced, and in 
some cases, as at Kopilas near Cuttack, the 
ditference in level is very great; but thg low 
level laterite of the eastern coast rises gra- 


very difficult subject of the origin of 
the general distribution of the low 

dually from the neighbourhood of the sea, at 
a slope which, if continued inland, would con- 
nect the bed with the high level formation. 
The latter is of greater antiquity than the low 
level bed, but the process of formation may 
have been continuous, the rock now found at 
a higher level being first formed, that at a 
lower elevation being gradually consolidated 
as the lower portion of the country was raised 
above the sea. It should be remembered that 
the higher part of the country was, in all pro- 
bability^ never depressed below the sea level* 
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level iaterite, especially in the neighbourhood of the coast. On the west 
coast of the Peninsula Iaterite has not been observed in the Konka% 
or lowlands, north of Bombay»^ it appears, a little farther to the south- 
ward, between Bombay and Ratndgiri, and extends thence throughout 
large tracts of the low country, intervening between the Sahyddri range 
and the sea, as far as Cape Comorin. It does not, of course, cover the 
whole surface. In many places it has been cut away by streams, so that 
the lower formations are exposed, and in parts of the country it appears 
to be wanting. The greater part of the region, however, has never been 
geologically mapped, and very few details of the distribution of Iaterite are 
available. 

In the country between Ratndgiri and Goa the rock appears to 
form a plateau, having a general elevation of 200 to 300 feet above the 
sea. On the coast it terminates in cliffs, the trap being exposed 
beneath it The plateau extends for from 15 to 20 miles inland, and is 
cut through by numerous rivers and streams, in all of which the trap is 
exposed, the lignite and clays, which were mentioned in the last chapter, 
being found between the Iaterite and the traps at Ratndgiri. Farther in- 
land the Iaterite is found at a higher elevation than near the coast, so that 
the rock appears to have a low slope towards the sea. The Iaterite is 
distinctly of detrital origin, and even conglomeratic in places, the thick- 
ness is considerable, but no exact measurements have been recorded, except 
at Ratndgiri, where it amounts to 35 feet, probably less than the average. 
It is evident that the plateau formerly extended much farther to the east- 
ward, and it probably covered the whole of the country as far as the base 
of the Sahyd.dri range, for caps of Iaterite are found in places on the trap 
hills, and masses, reconsolidated from the detritus of the principal beds, 
are found at lower levels. 

South of Malwin the underlying rock is no longer trap but gneiss, or 
some other metamorphic formation. The Iaterite, which is extensively 
developed, appears to be similar to that of the BomI)ay Konkan, In 
Travancore it overlies the fossiliferous tertiary beds. 

On the east coast of India Iaterite occurs almost everywhere, rising 
from beneath the alluvium which fringes the coast, and sloping gradually 
upw^ards towards the interior, but this Iaterite is, as a rule, a much less 
massive formation than the rock of the western coast. It is seldom more 
than 20 feet in thickness, and is often represented by a mere sandy or 
gravelly deposit, not more than four or five feet thick Where it is thicker 
the lower portion usually consists of lithomarge, produced by the alteration 
of the underlying rock. The Iaterite is frequently conglomeratic, and 

This idea of the whole Iaterite being one 
continuous formation appears to have occurred 
to Newbold. — Jour, Eoy. As. Soc.iVlll^ 240, 

(1846). ' , , . ■ : 


^ Except near Surat, where the outcrops are 
of numrauliiic age. The rock differs from 
all superficial Iaterite, in being distinctly in- 
I tercala ted between other beds. 


37 ^ 


GEOLOGY OF INDIA - LATEI^ITE. [Oliap. X¥. 

includes large rounded, or subaiigular, fragments of gneiss and other rocks^ 
good instances being found at Trichinopoli, at many places near Madras, 
amongst which are the Red Hills, seven miles to the north-west of the city, 
and around the detached hills norlh-v/est of Cuttack, in Orissa. In the 
Madras area quartzite implements of human construction have been found 
in the laterite in considerable numbers.^ 

The fringe of laterite is of very unequal wndtli. In places it forms a 
broad, low slope, stretching for many miles from the edge of the alluvium ; 
in others it only remains as caps upon the older rocks. In one form 
or another it appears to be traced, at short intervals, from Cape Comorin 
to Orissa, and thence northward through Miclnapiir, BarcKvdn, and 
Bfrbhum, to the flanks of the Rdjniahdl hills, where it is well developed and, 
as already noticed, it appears to pass into the high level laterite. 

The low level laterite is not confined to the neighbourhood of the coast, 
it is frequently found in patches over many parts of the country, but these 
patches are rarely of large size and they oiten appear to be due to local 
conditions, such as abundance of iron in the rocks, or reconsolidation of 
fragments derived from abed of hiuh level laterite. Many such lateritic 
deposits are rather of the nature of ferruginous gravel than of true lateritic. 
The small pisolitic nodules, so characteristic of some forms of laterite, are 
found abundantly in the older alluvium of the Ganges valley, and in many 
other superficial deposits in the plains of India, and whenever they are suf- 
ficiently abundant, appear to become cemented, with the accompanying 
sand and clay, into a rock closely resembling laterite in many of its pecu- 
liarities. 

In Burma, laterite of the detrital low level type is found in places 
on the edge of the alluvial tracts of the Ira wadi and Sittaimg rivers in 
Pegu and Martaban, forming as usual a cap to other rocks, and having a 
very low dip towards the river from the sides of the valleys. The laterite 
appears to form the basement bed of the post-tertiary gravels and sands, 
and laterite gravels, apparently derived from the denudation of the mas- 
sive laterite are largely dispersed through the older alluvial deposits. 

West of the Irawadi only a few patches of laterite occur in the Myan- 
aung district, but the rock is more common along the western foot of the 
Pegu Yoma. To the east of that range laterite is generally wanting, but 
there is a well marked belt of this formation along the base of the meta- 
morphic bills east of the Sittaung river, forming a plateau which rises 50 
or 6a feet above the alluvium of the Sittaung valley. Some laterite is 
also found in Tenasserim, whence it extends into the Malay peninsula. 

Having thus stated, as briefly as is consistent with the object of afford - 
' ''' , * 1^' B- ^ Footej X, 37-IJ8, (1873), 
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lug a tolerably complete account of the rock^ the distribution and mode of 
occurrence of tlie different varieties of laterite, the question of the manner 
in which this rock has been formed, must next be considered. The 
subject has already been noticed as difficult, the difficulty arisincr from 
the fact that the rock has evidently undergone a considerable amount of 
change, both chemical and stnietural. 'The difference between laterite, 
when first cut from the quarry and tlie same rock after exposure, is 
well marked. The rock becomes harder, and the hardening ap[)ears 
not merely clue to the desiccation of the argillaceous constituents, but 
also to a change taking place in the distribution of the peroxide of 
iron, the change being shown by the colour becoming darker and by the 
surface being covered with a glaze of limoiiite. Whether the anhydrous 
iron peroxide, which occurs in some forms of high level laterite, be- 
comes converted by exposure into hydrated peroxide, has not been 
ascertained, but it is quite clear that the process of segregation of the 
iron has tended greatly to obscure any structure which may have exist- 
ed originally in the rock, and that this segregative action is constantly 
in progress. It has already been stated that iron has been dissolved out 
of the laterite and redeposited in the underlying lithomarge, where the 
latter is merely an altered form of the rock beneath, and it is a common 
circumstance to find pisolitic nodules of hydrated iron peroxide, evidently 
due to segregation, in some forms of laterite. These facts, and the pro- 
cess by which the surfaces of the rock, and of the tubes by which it is 
traversed, become coated with a glaze of limonite, render it evident that a 
transfer of iron oxide from’ one part of the rock to another is continually 
going on. 

One viewq which has been held by several good observers and has 
been strongly supported by Mr. Foote's examination of the laterite or 
iron clay in the southern Mardthd country, is that the high level laterite 
is simply the result of the alteration ht situ of various forms of rock, and 
especially of basalt, by the action of atmos^pheric changes. Many of the 
dolerites of the Deccan contain iron in the form of magnetite, and large 
quantities of magnetic iron sand are found in the beds of streams which 
flow over the traps, whilst bands, both of magnetite and haematite, are lo- 
cally common in the metamorphic rocks. The gradual change from dole- 
ritic trap into laterite has been noticed by several observers/ and so far as 
the Deccan alone is concerned, the evidence in favour of laterite being 
merely the result of atmospheric change acting upon very ferruginous vol- 
canic rocks, appears so strong that, if there were no conflicting phenome- 
na, it might be accepted as a satisfactory explanation. At the same time 
there are some difficulties, to which attention was first called by Captain 

^ Voysey, your* Sm, Beng,^ XlX>,iI 574 ii (*^5o)i,Toote, Msfuoirsj Xlh 202, (1876). 
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Ne\vbold,‘ and although Mr. Foote® has shown that they are not insuper- 
able, they must not be overlooked, because the apparently sedimentary 
origin of the rock, in Bundelkhand and elsewhere, tends to invalidate 
the conclusion that the high level laterlte is merely the result of surface 

change. 

The main argument in favour of supposing the high level laterite of 
the Deccan to be merely altered basalt, is that the two rocks are 
seen to pass into each oilier. 'Ibis fact, which is unquestionably 
established, may be considered proof that laterite result from 

the alteration of basalt or a similar rock, but it is, of course, insufficient 
evidence to show that such is the origin in all cases. It is always 
possible that the upper portion of the laterite is, in each case, of ex- 
traneous origin, and that the surface of the basalt beneath has been 
affected by the infiltration of iron, in the manner already described when 
explaining the origin of lithomarge. Numerous instances are found, on 
the other hand, in which the laterite rests upon the suiface of basalt, 
which is either hard and unaltered, or soft and decomposed, without any 
appearance of a passage from one rock to the other. But this, again, is 
no proof that the laterite above the unaltered trap is not itself the result 
of alteration of a different lava flow, the rock beneath not being sus- 
ceptible of the same change. It is clear that the evidence afforded by 
the circumstance that basaltic trap sometimes passes into laterite, and 
sometimes does not, is insufficient to decide the question as to whether 
the latter is derived from the former by a process of chemical alteration. 

It has been stated that magnetite occurs in many of the Deccan 
basalts, but until far more analyses have been made, it is impossible to 
say whether any of these rocks contain as large a proportion of iron as 
the laterite. It is probable that some may, but it is certain that so large 
a proportion of iron as 15 or 20 per cent.^ in any basalt is oxeptional, 
yet this is not above the average amount in the Deccan laterite. At the 
same time the larger percentage may perhaps be explained by a process 
of concentration, some of the other constituents of the rock having been 
removed, in the manner explained further on, but not the iron. 

One difficulty, to which especial attention was drawn by Captain New- 
bold, is the complete absence in the laterite of those nodules, large or 
small, of various forms of silica, such as agate, jasper, and crystalline, 
quartz, so frequently found in the different forms of trap. It is difficult 
to understand, if laterite simply results frcm the alteration in situ of the 
Deccan basalts, why no amygdaloidal structure, especially where the 
amygdules contain so indestructible a mineral as agate, should be detected 


^ your,As,Soc Bang., XIIl, 995, (1844); Jour. 
Ray, As. Soc., ViU, 238, (1846). 

Memoirs ^ XII, 203, (1876). ’ 


* That is of metallic iron ; 15 per cent, of 
f.%|i(^^ifespdndsto 19*3 per cent, of protoxilci 
sesqui oxide. 
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in the altered rock. Mr. Foote suggests^ that, in tine case of the summit 
bed, which appears to rest upon the highest traps, the ^ibsence of 
amygdaloidal structure may be due, in the first place to the lava flow^ 
having been of a peculiarly dense nature,® and secondly to the fact that, 
being the uppermost flow, the water which percolated it did not contain 
silica in sufficient quantity to form silicious nodules in the vesicular 
hollow's. He also points out that the underlying bed into which the 
summit bed laterite is seen to graduate 111 several sections, is a very 
argillaceous rock without vesicular cavities or enclosed minerals. 

One conclusion is clear, if the high level laterite of the f 3 eccan has 
been produced by the alteration in situ of %"olcanic rocks, only particular 
varieties of such rocks are capable of undergoing the alteration. If all 
were similarly liable to be converted into laterite at the surface, the 
occurrence of that rock would be more general, and less restricted to 
particular elevations, The great difficulty in the way of explaining the 
origin of the high level laterite, so widely spread in Mahvd and the Deccan^ 
by a simple process of atmo-pheric alteration is, in brief, that the hypo- 
thesis demands the occurrence, over an enormous area of country, of a 
volcanic rock, wliether a tuff or a true lava flow is immaterial, of peculiar 
and unusual composition, containing a much larger proportion of iron than 
usual, and wanting the amygdaloidal structure, so common in the Deccan 
traps. This difficulty, it must be remembered, is, so far, only a reason for 
caution in coming to a conclusion, and does not show that the hypothesis of 
alteration in situ is impossible. 

The great extension of the laterite beyond the trap area might 
be explained by supposing that the highest volcanic stratum covered a 
wider surface than any of the inferior lava flows, but this theory is unten- 
able in some cases, for instance in that of the Gauli plateau, south of 
Belgaum,^ where a bed of laterite at a lower level than the summit bed 
was traced by Mr Foote on both sides of the Mahddiyi ravine, passing 
into the underlying trap to the northward and into metamorphic rocks to 
the south, as is represented in the sketch section fig. 20, given on the fol- 
lowing page. In this case, the southern portion must have been foimed from 
gneissic rocks if the laterite be the result of alteration alone, and it 
is difficult to understand how two rocks, so totally dissimilar in constitution 
as basalt and gneiss, can have produced precisely the same rock, by a 
simple process of disintegration in situ. 

On the other hand, the difficulties in the way of supposing the high 
level laterite to be sedimentary are considerable. The idea of its being 
a marine deposit can scarcely be entertained, as there is not a shadow^ of 

3 Memoirs^ XIl, 203, (1876). | rare, although they do not, as a rule, preserve 

3 Such dense beds do certainly occur in the their non-vesicular character over large areas. 
Deccan traps indeed they cannot be said to fee I XII, 217, (1876). 
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evidence in any part of India to render it probable that 
the whole of the great trap plateau has been beneath 
the sea in tertiary times. It is inconceivable that 
fluviatile deposits should be so enormously extended, 
yet so thin. One objection, which at the first glance 
appears important, is apparent rather than real. It 
is that a sedimentary deposit could not be formed 
on the highest portions of the country, because there 
could be no higher land in the neighbourhood from 
which the sediment might be derived, whilst the 
singularly small amount of disturbance which the 
Deccan rocks have undergone renders it improbable 
that any great relative change of elevation has taken 
place. But it must be remembered that laterite is 
a rock which resists atmospheric action far more than 
most forms of doleritic trap, as is shown by the 
manner in which hard unaltered cap's of laterite 
rest upon softened and decomposing basaltic rocks. 
Consequently those portions, of. ihe plateau which 
were originally highest nr'‘ay, if not capped by 
laterite, have disintegrated |inore rapidly than those 
protected by the lateritic fo|*mation, until the latter 
remained, forming the higfiest ridges, long after 
the unprotected portions ha>;d been swept away. 

The evidence afforded bj 4 the laterite outliers in 
Bundelkhand^ is distinctly -.'imposed to I he theory of 
alteration m situ. The whole, group, laterite above 
underlaid by ferruginous clay;, frequently containing 
sand and pebbles, is found in\iifferently capping the 
trap and Vindhyan sandstones. \^Now, whatever may 
be the case with dolerite and\ gneissic rocks, no 
conceivable process of alteration could convert a 
purely quartzose rock, containing’^'Tr'mere trace of 
iron, like the Vindhyan sandstone, into an argillaceous 
one with 20 per cent, of iron entering into its com- 
position, and the circumstance that the lower portion 
of the lateritic group is clearly detrital, proves that the 
laterite is not an altered outlier of the Deccan trap. 


It appears almost Impossible to separate the Bundelkhand laterite from 
the high level laterite of the Deccan, Lithologically and stratigraphicaliy 
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the two rocks are identical. There can be no reasonable doubt tliat tile 
trap once occupied the surface of the ground now cut out into valleys by 
tlie feeders and main streams of the Son, Narbad^, and Mahanadi, and 
that Bundelkhand and Milwd were^ united with Mandld and Sarguja into 
one plateau of horizontal trap rocks. If this be conceded^ and it 
appears impossible to doubt it, the caps of laterite near S^gar (Saugof), 
occupying precisely the same relative position as those at Ainarkantak 
and the MAin IMt, may fairly be considered part of the same bed, and the 
RewA outliers, which are probably either beyond the original range of 
the trap, or else on ground which was above the general trap level, must 
be referred to the same origin. New the Amarkantak and Sarguja 
laterites are not merely similar in every respect to the other Deccan high 
level outcrops of the rock, but they appear to be connected, by a series of 
small caps at intervals, with the typical formation of the southern MardthA 
country. There may be a break in the chain, as the distances are too great 
for any safe conclusions to be formed, and all that can be done is to indi- 
cate the probabilities,but it appears to be a fair inference that, if the 
Bundelkhand laterite is of detrital origin, the rock of Amarkantak and 
the Deccan is the same. 

The laterite of the RAjmahAl hills is separated by so great a break 
from that of Sarguja, and the RAjmahAl traps are in all probability so much 
older tliaii those of the Deccan, that it is impossible to say whether the 
RAjmahAl laterite is of the same age as that of central and western India. 
Lithologically it is identical, and like the Deccan laterite it occurs, in 
part at least, at a considerable elevation, whilst its sedimentary origin has 
already been mentioned. 

On the west coast of the Peninsula we have a careful study of the low- 
level laterite of south Malabar by Mr. P. Lake.^ He describes two distinct 
varieties, the first, distinguished as vesicuIaiTaterite, is characterised byiur 
merous vermicular branching and anastomising lubes which, in the portion 
of the rock not exposed to the air, are filled with a white or yellow clay, 
containing a much smaller proportion of iron and a larger percentage of 
potash than the walls of the tubes. Away from the surface, as the rock 
becomes less affected by the weather, the distinction between the tube 
walls and their contents gradually disappears, till what was laterite above 
passes into clay below. The laterite is thus seen to be the result of a 
sort of superficial concretionary action, the iron tending to segregate in 
the form of tubes from which the clayey non-ferruginous parts are washed 
out, leaving the resulting laterite with a higher proportion of iron than the 
clay from which it was formed. > < 


34 


GEOLOGY OE INDIA -LATERlTE. 


COiiap'rX^^ 

The other variety of lateriie, distinguished as pellety, is derived from 
the vesicular iaterite. After the tube contents have been washed out the 
tube walls slowly break up into little subangular pieces, which are washed 
away and deposited at a lower level, where they are receniented into a rock, 
usually much more solid than the first variety. It consists of small irre- 
gular ferruginous pellets cemented by a similar material, is devoid of 
vermicular tubes, and has a higher percentage of iron than the iinexposed 
parts of the vesicular variety, the percentage being probably much the 
same as ill the tube walls. 

The origin of the peilety form is sufficiently obvious; it is a detrital 
rock fonned of the debris of the vesicular form, which is regarded by Mr. 
Lake as a product of decomposition in ntu oi the gneiss. The gneiss of 
Malabar, consisting principally of quartz, felspar, hornblende or mica, and 
garnets, weathers leadily into a ferruginous clay. If exposed to the 
weather, the iron segregates and hardens the clay, where it collects, while 
the rest, deprived of ferruginous cement, is loose and easily washed away. 
As this process goes on the gneiss becomes covered with a cap of laterite. 
gradually increasing in thickness till it acts as a protection to the under- 
lying gneiss from further decomposition. 

There can be no doubt that the vesicular laterite is, in part at least, 
formed by a laterisation of the decomposed gneiss, for the lamination of 
the gneiss can often be traced into the laterite, and the more quartzose 
beds stand up as ribs several feet into the laterite which has replaced 
the more felspathic portions on either side. 

One more hypothesis of the origin of laterite requires notice. Mr. F. R, 
Mallet, in noticing the resemblance of certain ferruginous beds wdth under- 
lying bole, interstratified with the volcanic rocks of Ulster,^ to the laterite 
and lithomarge of India, suggests that the laterite is of lacustrine origin. 
During the decay of vegetable matter in the presence of tue‘ higher oxides 
of iron oxygen is absorbed, reducing them to protoxide, which unites with 
carbonic acid, a product of the decomposition of vegetation, to form ferrous 
carbonate, soluble in water containing an excess of carbonic acid. When 
the water carrying this ferrous carbonate in solution is exposed to the 
air in streams or lakes it absorbs oxygen, the ferrous carbonate is decom- 
posed with the escape of carbonic acid and a re-oxidation of the ferrous 
oxide into insoluble ferric oxide, which is precipitated wherever the 
water comes to rest in a lake or marsh. 

On this hypothesis the high level laterite would have been formed in 
the shallow depressions left between the lava flows and ash heaps of the 
surface of the land at the close of the Deccan trap period, while the low 

1 Records^ Xi% 139, (z88i). 
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level laterite, excluding the ferruginous gravels, would have been formed 
in the depressions on the plain of marine denudation whose surface it caps. 
As already explained, the resistance which laterite offers to denudation 
would be sufficient to account for its being now found capping the hills, 
and if it were originally formed in the depressions of the surface, for the 
complete reversal of contour is an indication of the time that has elapsed. 
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caused by the washing away of the less ferruginous and consequently less 
coherent portions, account for its presenee, any more than for the argiU 
laceous nature of the rock^ where it rests on sandstones almost devoid of 
any trace of clay or iron. The supposition that laterite is derived from the 
decomposition of a specially ferriferous eruption, marking the close of the 
Deccan trap period, is insufficient to account for the facts even within the 
Deccan trap area, and quite fails when applied to the remote exposures, 
far beyond the limits of the area within which the influence of these erup- 
tions could have been felt. 

One objection which might be urged to the hypothesis of the origin of 
laterite by the decomposition ifi situ of volcanic rock, that it should in that 
case be found interbedded with the trap, may be dismissed. However 
laterite originated, time was certainly a factor in its formation, and the 
occurrence of beds of bole suggests that the same causes which subse- 
quently led to its formation, were at work during the Deccan trap period, 
but that the rapid succession of lava flows did not leave them time to pro- 
duce the full effect which resulted when the eruptions had ceased. 

The second difficulty is the great thickness of some of the patches of 
high level laterite, which seems to preclude their having been formed as a 
soil, by the segregation of the oxide of iron and removal of the less 
coherent iion-ferruginous portions, and the more prol.iable explanation is 
that they were formed in lakes or marshy hollows by the deposition of oxide 
of iron from the stagnant waters, mixed more or less with fine grained ash 
and decomposed volcanic debris. The laterite of the lowlands may have 
been similarly formed in marshy hollows, left on the surface of a plain -of 
marine denudation after its elevation above sea level. It is described 
as a thin, fairly uniform layer covering the undulations of this plain, but in 
Mr. Lake's description of south Malabar there are said to be gneiss hills, 
or islands, rising from this plain, on which no laterite is found, and if the 
laterite were a direct product of decomposition of gneiss, it is difficult to 
see why it should be restricted to the lowland near the coast, which was 
evidently once covered by the sea. 

As to the conditions necessary for the formation of laterite little can be 
said. Those countries where it has been supposed to be still in process of 
formation are characterised for the most part by a warm, moist, climate, and 
an abundant vegetation. But there is one characteristic of all the laterite 
regions that appears to be important ; the laterite is without exception only 
found on level or gently undulating surfaces, if we ignore the irregulari- 
ties produced by subsequent denudation. It is found on the terrace border- 
ing the sea coast, and on the plateaux capping the hills further inland, but 
whenever a rock which could pass for laterite is found on the intermediate 
slopes, it is clearly of derivative ;drigio. ’ The rounded surfaces of the 
gneiss hills of Ceylon and Southern , bdia^ a often covered to a great 
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depth with a more or less ferruginous subsoil, which never passes into 
laterite, except in such localities as the summit plateau of the Shevaroy hills 
O! the plain, now intersected with valleys cf denudation, wliich bordcis the 
sea coast, it is also said to be found in the bottoms of tlie valleys of south 
A'laiabar, but wherever laterite is found on the sloping ground, it is clearly 
derived from the disintegration of some bed at a higher ievei. 


The geological age of the high level laterite must, of course, remain 
undetermined, until the mode of formation has been more definitely ascer- 
tained. If the rock be merely the result of surface alteration, it may 
be of any date subsequent to the termination of the volcanic out- 
bursts. Indeed, it must still be in process of formation, as has been 
justly pointed out by several observers. But, as its occurrence in the 
form of a few isolated caps shows that it was once a much more extensive 
formation, it must have existed before the denudation of the area 
had much advanced, and must, therefore, have been formed, in part at 
least, soon after the termination of the volcanic eruptions. The great 
similarity between the high level laterite and the beds of the same rock 
interstratified with the numniulitic limestones and gravels of Gujarit and 
Ciitcb, tends to suggest the possibility that the two are contemporaneous, 
and also that they may have been produced in the same manner, with 
this important distinction, however, that the Gujarat beds are marine, 
whilst there does not appear to be any evidence in favour of supposing 
that the highlands of the Deccan were submerged during any portion of 
the tertiary period. Had they been submerged, the amount of denudation 
which the traps must have undergone would, in all probability, have 
caused the high level laterite to be more distinctly unconformable. At 
the same time, it is far from clear that the laterite is truly conformable to 
the highest trap flows. It has been hitherto assumed, rather than proved, 
tlmt ail the beds of laterite, at lower elevations than the summit bed, are 
of later age. The occurrence of laterite at various elevations presents 
no difheuity on the theory of the laterite being an altered form of 
the traps, but if this rock be of any definite date, it i's clear that ex- 
tensive denudation must have reduced the level of such hills as Ma- 
therein, the uppermost beds of which are at least 2,000 or 3,000 feet 
below the highest volcanic flows, before the laterite was deposited. 
Nevertheless, the laterite of Matherin, although apparently non-cletrital, 
may be a secondary product. This question of the conformity of the high- 
level laterite to the highest traps requires, in fact, further investigation. 

Whether the true laterite of the low grounds near the sea is to be re- 
garded as newer than that of the high level plateaux depends on the 
hypothesis of origin adopted. If, fhey are both products of decomposition 
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i?i situ of the underlying rock, they may both be of the same age, but if, 
as seems probable, the formation oi the laterite was anterior to the excava- 
tion of the %’alleys which now limit its extent, then the lom^ level laterite is 
shown, by the less degree of denudation that has taken place since its for- 
mation, to be new^er than the high level. On any hypothesis, except the 
impossible one of direct volcanic origin, there is no reason why the pro- 
duction of laterite should be restricted to any particular geological age, 
and Mr, Lake’s observation of the apparent passage of gneiss into laterite 
in the bottoms of some of the valleys of south Malabar,^ would bring tlie 
date of origin of some part of the laterite down to a, geologically, very 
recent period. 


The foregoing remarks regarding the origin of laterite refer only to 
what may be called the non-detrital form, in the sense that it is not pal- 
pably formed of the debris of pre-existing rocks of a similar nature ; but the 
bulk of what has generally been described as low level laterite, principally 
along the east coast, is evidently of clastic origin, and is often merely a sub- 
recent gravel with a ferruginous matrix. Although, as has been explained, 
it seems advisable to use the term laterite in a purely lithological sense 
and not to apply it to such rocks, even though there is every degree of 
transition between the two, it is impossible to ignore these so called late- 
rites, seeing that the term lias been so generally used in the past. 

Like the true laterite of south Malabar, they are found resting on 
w'hat appears to be a plain of marine denudation, and the enquiry naturally 
arises as to whether the low level laterite is a marine formation. A priori 
it would appear improbable that a marine formation should be deposited 
during the process by which a plain of marine denudation is elevated 
above the sea. On the other hand, the frequent occurrence of pebbles, 
often of large size, in the laterites of the east coast appears due to the 
action of the waves, especially where, as, around the isolated hills in Orissa, 
\Yhich may originally have been Islands, a mass of well rounded sliingle, 
in every way resembling a beach, is found cemented together by laterite. 
Ihc absence of' marine fossils may be due to their having been obliterated 
by the forces which produced the peculiar concretionary structure of the 
rock. 

There are, however, Iw^o circumstances w^hich appear to militate 
strongly against considering the laterite a marine formation. One of these 
is its remarkable thinness, which, so far as is knowm, rarely exceeds zo 
feet along the east coast, and the other is the very frequent occurrence, 
in the Madras country, of palaeolithic implements imbedded in the rock. 
Some of these might have been dropped into the sea from canoes, but 
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it is incredible that the men who used the stones should have lo^t them 
in the sea in such numbers as would account for their present abundance. 

On the whole, it appears inost probable that the low level later ite is a 
subaerial deposit, due, however, in many cases, to the rearrangement of 
marine gravels and sands by rain and streams. All rain and stream 
action would tend to carry away the lighter sand and clay, and to leave 
behind the heavy iron sand, and to this may be due the concentration of 
the ferruginous element. 

The presence of palaeolithic human implements in the Madras laterite 
proves that the rock is of post-tertiary origin. The implements ^ found 
are chiefly of quartzite, and have evidently been fashioned from peb- 
bles, derived originally from the rocks of the Ciiddapah system. 

Despite the geologically recent origin of the low level laterite, the con- 
siderable amount of denudation which it has undergone shows that it is, 
ill part at least, a formation of ancient date, counting by years. It has 
already been mentioned that, on the west coast the plateau near the sea 
has been cut through by streams to a great depth, and the underlying trap 
exposed, and that farther inland, at a higher level, only a few caps of the 
low level laterite remain. On the eastern coast, which, owing to the large 
amount of deposits brought down by rivers, is protected from the action of 
the sea, the laterite has undergone less denudation, in consequence of its 
being frequently covered by later alluvial deposits, but still it has been 
removed by atmospheric action over large areas away from the coast. It is 
probable that the land rose very slowly from the sea, the laterite forming 
on the raised slope pari passu with the elevation, and that, consequently, 
the farther inland the rock the older its date, and the longer the period 
during which it has undergone denudation from atmospheric agencies. 
But the deep ravines cut by the streams close to the western coast, near 
Ratudgiri, mark the lapse of a considerable period of time since the low 
level laterite was first consolidated, and a curious piece of evidence of the 
same kind has been recorded by Mr. Foote® in the neighbourhood of 
Madras. 

Between two villages called Amerumbode and Maderapaucum, east of 
Sattavedii, and about 30 miles north-west by north of Madras, are some 
stone circles, made of blocks of the laterite, in which palaeolithic imple- 
ments are found in abundance in the immediate neighbourhood. The 
stone circles are known in the country as Karambar rings, and precisely 
similar rings of stone are found in many parts of India, associated with 
various other rude stone buildings such, as kistvaens and cromlechs. 
That these stone circles are of much later date than the palaeolithic 

^ R, B. Foote, Mad, Set*^ Oct. i866J Soc,^ XXIV, 484, (1S68). 

3rd series, Pt. 2, p. i ; sl^o QudrL at, { ^ Memoirs^ X, 47, (1873). 
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implements is evident, first because in the particular case near Madras the 
circles are constructed of rock in which the implements are imbedded, and 
secondly, because iron implements, which mark a far more advanced stage 
of human progress, have been repeatedly found within the enclosures. 
Nevertheless, the stone circles- themselves must be the work of a very 
ancient period, for all record of their construction, or even of the people 
who built them, has passed away. 


CHAPTER XVf. 


PLEISTOCENE AND RECENT DEPOSITS, 

{Exclusive of the Indo-Gangetic alluviu7n) 

Peninsular Area — Extent, and distinction from tertiary beds — Various forms of posttertiary 
deposits — Cuddalore sandstone — War kalli beds-^Cave deposits-- Older alluvium of 
Narbada, Tapti^ Goddvan and Kistna— Newer alluvium of the east coast— Smooth water 
anchorages and recent deposits of the west coast — Lake deposits — Regur^ or cotton soil-— 
Blonw sand -Extra-Peninsular Area—HUIs west of the Indus-— North*West Punjab— 
the Piimdiayas — Eastern frontier — Alluvium of the Ira wadi. 

The posttertiary (postpliocencj pleistocene or quaternary) and recent 
formations of India occupy an immense area. They form the wide plains of 
the Indus, Ganges, and Brahmaputra, and cov'er large tracts of country 
south of the Gangeticand east of the Indus plain. No older formation is 
exposed throughout the greater portion of the belt of alluvial lowland 
fringing the eastern coast of the Peninsula, and subrecent accumulations 
occupy a large area iiiGujardt and in some other districts near the western 
coast. Large deposits in the valleys of the peninsular rivers and upon the 
fertile plains of the interior are also of recent or subrecent origin. The 
most important and extensive of these forms the great Indo-Gangetic plain, 
and, as the extent and variety of the recent and subrecent deposits render 
it impossible to treat of them all in a single chapter, its description^ with 
all the important and interesting questions it raises, will be deferred for 
the present. 

It is very difficult to draw a clear and distinct line between tertiary 
and posttertiary formations in India. The limit of the two in Europe 
coincides with the glacial epoch, but as no physical trace of this cold 
period has been detected in peninsular India, the distinction between the 
pliocene tertiary formations and the postpliocene beds is there less easily 
defined. Practically, no difficulty has hitherto arisen, because the 
tertiary beds of the Peninsula are comparatively unimportant, and those 
which occur belong to the older or middle tertiaries, and not to the 
newer beds, so that there is a marked break between the tertiary and 
posttertiary deposits ; but in the extra-peninsular area, where the upper- 
most tertiary deposits » are largely developed, it is often extremely 
difficult to say where the line should be drawn. 
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In dealing with the recent and subrecent deposits of India it is impos- 
sible to observe a strictly chronological order, and it is necessary to classify 
them more or less according to their nature. In the case of those in 
peninsular India the following classification will be followed, the odor 
being roughly, though not strictly, that of their date of origin : — 

1. Subrecent or doubtfully tertiary deposits of the coastal region. 

2. ’ Cave deposits. 

3. Older alluvial deposits. 

4. Newer alluvial deposits of the river valleys and deltas. 

5. Raised littoral accumulations of sand, shells, etc. 

6 . Soils. 

7. Blown sand. 


Along the eastern coast cf the Peninsula, from the neighbourhood of 
Rajdinahendri to the Tinevelli district, a peculiar formation, consisting 
chiefly of sandstones and grits, is found underlying the laterite and asso- 
ciated gravels which form a low slope on the edge of the east coast 
alluvium. This sandstone formation has received several local names, but 
is now generally known as the Cuddalore sandstones,^ from being well 
developed in the neighbourhood of the civil station of Cuddalore, about 
TOO miles south of Madras. 

The greater portion of the Cuddalore group, throughout the area in* 
which it is found, consists of gritty and sandy beds, sometimes highly 
ferruginous, and coloured of various tints of yellow, brown, red, and 
purple, sometimes white or pale coloured, and not infrequently moitled- 
In some cases the rock is argillaceous, and occasionally thin bands of 
clays or shales are interstratified. The beds are soft, loose textured and, as 
a rule, ill consolidated, being rarely sufficiently compact to be used as 
building stone. Bands of conglomerate have been found. 


As already stated, these beds have been traced thioughout a large 
portion of the east coast. Their most northerly extension knovvn is 
between Vizagapatam and Rijdmahendri. The coast north of Vizagapa- 
tarn, as far as the Chilk'i lake, has not been examined geologically, and 
throughout Orissa no outcrops of the Cuddalore beds have been detected, 
but there is a possibility that they may be represented by some clays and 
sandy beds associated with the laterite of Midnapur.^ There is rather 
more probability that certain sandstones, grits and clays, wffiich occur east 
of Riniganj, and extend northwards as far as Surf in Birbhum, belong to 
the same group as the Cuddalore sandstones of Madras. 

From the neighbourhood of Rij^mahendri the Cuddalcre beds have 
been mapped at intervals along the coast for fully 600 miles to the 


^ For further information see more particur, 
larly, H. F. Blanford, Memoirs^ IV, ,(1863)^ 
King and Foote, IV, 256, (13^4)^, 


Foote, Utmoirs^ X, 59, (1&73) and XX, 35, 
® Uetmith h 268, (1859).’ 
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southward. 'Fhey usually form a low slope, dipping at a very slight angle to 
the eastward, iu the direction of the sea, and are, as a rule, much covered 
and concealed by the deposits associated with the low level laterite of the 
east coast. To the westward they rest indifferently, but always unconform- 
ably, upon rocks of various ages, — metamorphic, Jurassic or cretaceous,— 
and they often terminate in this direction in a low scarp. To the eastward 
they disappear in places, with their capping of laterite, beneath the alluvium 
of the coast, but they quite as often, especially to the soiitlnvard, terminate 
in a small cliff. Their outcrop is repeatedly interrupted by the broad alluvial 
valleys of rivers, and in some places, as for nearly loo miles south of 
Madras, they appear to be wanting altogether, whilst in other parts of the 
country they form a broad tract, usually sandy and infertile, raised above 
the general level, occasionally no less than 25 miles wide from east to west, 
as near Cuddalore, but generally much less. 

From the paucity of sections and die extent to which the Cuddalore 
sandstones are concealed by laterite and sandy sod, their absolute thick- 
ness can nowhere be estimated with accuracy. "1 he scarp in which they 
terminate to the westward is sometimes as much as 100 feet high and 
they must be somewhat thicker than this, but it is doubtful if they attain 
any considerable thickness. They are perfectly undisturbed, and have all 
the appearance of being a comparatively late formation. 

The only fossils found in the Cuddalore beds consist of exogenous sili- 
cificd fossil wood, some of which is coniferous and has been described 
under the name cf Peuce schmidiana} The genus Pence is not acknow- 
ledged by all palaeobotanists, and it appears too ill ck fined to justify any 
conclusions as to the age of the rocks being founded upon its occurrence. 

This silicibed wood is especially abundant at Tiruvakarai('rnvicary', about 
fourteen miles west north-west of Pondicherri, whence the name of Trivicary 
grits has been applied by some writers to the local development of the Cudda- 
lore sandstones. The trunks of trees occurring at this place are of large 
size, one having been found as much as 100 feet in length, while stems 15 
to 20 feet long and 5 to 6 feet in girth are not uncommon. 1 hey occur 
prostrate, imbedded in ferruginous grit. 

1 he age and mode of origin of the Cuddalore sandstones are obscure, 
as but little importance can be attached to the identification of one generic 
form of coniferous wood. They are quite unconformable to the cretaceous 
beds, which they overlap in a most irregular manner, as near Pondicherri, 
where they rest on beds of the Ariyaiur group, forming the plateau 
near the town, known as the Red hills ; six miles further westward, and 
west of the belt of cretaceous rocks, they are seen resting on Utatur beds 
near Tiruvakarai, whilst a few^ miles further west they completely overlap 

i Sclimid u. Schleidenj Ueber die Natur der Kiesslholzer. Jena, 1855, pp. 4, 36. 
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the cretaceous beds and rest on gneiss. Fragments derived from 
the cretaceous beds and containing cretaceous fossils have been found 
near Tanjore. Near Rdjdinahendri the Cuddalore sandstones overlie the 
Deccan trap, the jurassic rocks and the gneiss. It is safe, therefore, to 
conclude that the sandstones cannot be older than upper tertiary. And 
thediscovery by Mr. Foote, in the Tinnevelli district, of subreceiit marine 
beds, containing only living species of mollusca, associated with grits which 
he believed to represent the Cuddalore beds,^ appears to show that an 
even later date should be ascribed to them. 

The oriofiii of these rocks is as obscure as their date. Occurrinof as 

^ ■ .O''' 

they do, parallel with the coast, it is natural to suppose that they are of 
marine origin and have been formed near the shore, when the genera] 
contour of the coast was the same as it now is, though the level of the 
land was somewhat lower. But the complete absence, so far as is known, 
of all marine remains is not easy to explain. Coarse sandstones and grits 
are usually unfossiliferous, but in beds which have undergone so little 
change some casts of shells, at least, would probably be found in the more 
argillaceous strata, if they were of marine origin. At the same time it is 
difficult to suppose that the western coast of the Bay of Bengal can 
have formed part of a river valley in tertiary limes, and it is equally inr 
probable that stralihed grits, sandstones and conglomerates, like those of 
the Cuddalore beds, can be a form of subaerial wash. 

On the west coast of the F^eninsula a series of clays and sandy clays with 
lignite beds near their base, known as the Warkalli beds, are found for 
about twenty miles along the ITavancore coast, from about three miles north 
of Quilon to the same distance south of Warkalli^ and have been supposed 
lo represent the Cuddalore sandstones of the east coast. Some doubt may 
be expressed as to the correctness of this correlation, for the Warkallj 
beds are said to attain a thickness of 200 feet, doable the greatest recorded 
thickness of their supposed representatives on the east coast, and their 
upper surface is said to be formed by the same plain of marine denu- 
dation which cuts the gneiss further inland,^ pointing to an older date than 
that of the Cuddalore beds. The Warkalli beds are said to be underlaid 
by the limestones containing eocene fossils, which have been referred to in a 
previous chapter, but though there is no recison to doubt the presence of 
these eocene limestones, they have not been examined in $itiL by a 
competent geologist, and we have no information at present as to whether 
or not they are conformable to the overlying beds, if so, it would point 
to a greater antiquity for the Warkalli beds than there seems to be any 
good ground for ascribing to the Cuddalore sandstones. 

* M€7noirs, XX, 4L (1SS3). . \ „ ' ; » W. King, I^ecurds, XV, 92, (1882). 
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On the coast of Kdthidwdr a subrecent marine limestone, largely used 
as a building stone in Bombay, is found. It is commonly known as Forebaiuiar 
stone from the name of the port whence it is shipped or, using the name 
proposed by Dr. Carter, miliolite. The typical miliolite is a finely oolilit' 
ireestone, largely composed of foraminifera, which form the nuclei of the 
oolitic grains, but near the sea coast the limestone is not infrequently 
mixed with a large proportion of sand. In the eastern part of Kfithidwar 
these beds are only found near the coast ; further we.>t, however, they form 
the whole surface mapped as recent, and extend on to the tertiary rocks and 
the Deccan trap. They attain a maximum thickness of about loo feet, 
are extensively false-bedded in thin layers, and, though clearly a marine 
dcjposit land shells, which were doubtless w ashed dow n by small streams 
or floods, have been found in some of the more impure beds.^ 


There is only one locality in the Indian Peninsula where mammali- 
ferous cave deposits have been detected. This is at a place called Billa 
Surgang a few miles north of Banaganpalli in the Karnu! district. The 
caves are in the limestone belonging to the Karnul series, and situated 
at a higher level than the beds of the present drainage, their floor is in- 
crusted with stalagmite, beneath which red marl, lull of bones of animals, 
large and small, is found. These caves were lirst discovered by Captain 
Newbold, whese collections were, however, never described, nor can the 
specimens now be found. More recently they have been explored by 
the Geological Survey, and the collection of bones, some of which exhibit 
traces of having been shaped by man, described by Mr. Lydekker. The 
fauna, besides many living forms, contains five species, Viverra harmt- 
liensis, Hystrix crassuJenSy Atherura karnuliensis^ Rhinoceros karnu- 
iiensis, and karnuliensts, which are extinct, though closely allied to 
living forms. But the most interesting feature is the occurrence of four 
types identical with, or closely allied to, living African forms; these 
are Cynocephalus, sp., Equus asinuSy Hymna crocuta^ and Manis cf. 

' <3 .O'". 


The older alluvial deposits are well lepresented in the valleys of the 
Peninsula. Leaving the deposits of the lado-Gaiigetic plain for separate 
description, the various older alluvial deposits of the peninsular rivers 


1 Jour^ Bo.Bf. Boy. As. Soc, V. 513, 
Geological papers on Western India, Bom- 
bay, 1857, p. 756; MemoifSy XXI, 126, 
(18S4). ■ 

s For further details, sec T. J. Newbold; 
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deserve notice, both on account of the afea they occupy, and of the organic 
remains they have yielded. The livers of the Peninsula may be divided 
into tvv^o main groups ; the first comprises the Narbadci and Tdpti, whicli 
flow westward and drain the central portion of the Peninsula ; the second 
includes the Mahanadi, Goddvari, Kistna, Penner, Cauvery, and several 
minor streams which flow eastwards into the Bay of Bengal. 

. In the first named of the two groups one striking peculiarity is 
noticeable. Extensive alluvial plains, composed of clays and gravels, 
exist in the valleys of the Narbada and Tapti. In the Narbadd vallev 
the principal plain extends from a little east of Jabalpur to Harud, a dis- 
tance of more than 200 miles, and varies in breadth from 12 miles to 
35. There is a smaller plain further down the river, extending for about 
80 miles from Bdrwai to the Harin Pal south of Bdgli, but it is compara- 
tively ill marked, the alluvial deposits are, so far as is known, much less 
deep, and no mammalian remains have been found. In the Tapti vallev 
there is a large plain in Khiadesh, extending east and west for 


about 150 miles, and terminating to the eastward close to Burhdnpur 
This plain lies chiefly to the north of the river, and is probably in places 
as much as 30 miles wide, but its limits have not been accurately deter- 
mined. It appears to be connected by a narrow alluvial belt to the south- 
east with the plain of the Puriia,i a tributary^of the Tapti, draining a great 
portion of Berar. The Puma plain is at a higher level than Khdn^lesh 


and is about 100 miles lon.g, and in places 40 miles broad, its eastern ex- 
tremity being near Amrdoti, so that the whole length of the combined 
T^pti and Puma plains is about 240 miles. The T^pti and both the 
Narbadd plains are closed on the west by rocky and hilly country, throua-h 
which the river has cut a channel with a rapid descent, and in the case"of 
the Narbada, as will be explained presently, it is ascertained that the allu- 
vial deposits of the upper basin extend to a considerable depth beneath 
the level of the river bed- at the point of exit, so that the plain lies in a 
great rock basin. 

In the valleys of the eastward flowing rivers, such as the Godavari 
Kistna and Cauvery, there are no such broad and well defined alluvial 
plains as in the drainage areas of the T^pti and Narbada. There are 
numerous extensive alluvial flats in many places, but they are far inferior 
in extent to the Narbadd and 'Fapti plains, and they appear to be chiefly 
due to the river having worn a broad valley through soft, or easily disin- 
tegrated rocks. This is especially Uie case on the Goddvari and its tribu- 
taries, the alluvial portions of the river valley being in the Goadwana 
rocks, or else in the Deccan traps, whilst the river traverses rockv 


m 


^ This is not quite certain however, the but th3 fall from one to the other cannot 
ground not having been properly smrvoyed. , ' be much more than 100 feet, to jud^^e by 
There is .a considerable anqount of rock ex- the railway levels. * 

po$ed 'iu the rli'ers between” the twO' 
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through the metamorphic rocks forming the various barriers^ at the 
places where the valley leaves the softer formations. On the Narbada and 
Tdpti it is otherwise, the rocks underlying the alluvial areas, so far as 
is known, are of the same kind as those cut through by tbe rivers at 
their exit from the plains. It is not improbable that the foniiaiion of 
these well defined plains in the Narbadd and 1 dpti valleys, and the ab- 
sence of similar flats on the Goddvari and Kistna, may be due to the rise 
of the Indian Peninsula in posttertiary times having been, as already 
suggested, greater or more rapid to the westward than to the eastward. 

Partly in consequence of mammalian bones having been discovered in 
considerable quantities, and partly because the geology of the neighbour- 
ing country is of so much interest and variety as to have attracted the 
notice of many geologists, the alluvial deposits of the Narbadd valley have 
received far more attention than similar formations on the banks of the 
other Indian rivers.^ The great plain already mentioned as extending 
from Jabalpur to Hardd is chiefly composed of a stiff, reddish, brownish 
or yellowish clay, with numerous bands of sand and gravel intercalated. 
Kankar abounds throughout the deposit, and pisolitic iron granules are 
of frequent occurrence in the argillaceous beds. Occasionally pebbles and 
sand are found cemented together by carbonate of lime, so as to form a 
hard compact conglomerate. This rock is especially developed at the base 
of the alluvial deposits, and is often found forming a coating to the under* 
lying rock, not only in the Narbadd but in many other river valleys. 
The clay is frequently quite deyoid of stratification, but it appears never 
to attain any great thickness without sandy layers intervening. The river, 
in many places, cuts through the clays, sands, and gravels to the under- 
lying rock, usually belonging to the transition series, and the section of 
old alluvial deposits on the banks of the stream , never greatly exceeds loo 
feet in depth, this being about the usual difference in elevation between 
the bed of the Narbadi and the general surface of the alluvial plain in the 
neighbourhood of the river. But in a boring which was made at Sukakberi, 
north of Mohpdni and south of the G^dawdrd station on the Great Indian 
Peninsula Railway, a depth of 491 feet was attained, without the base of 
the alluvial deposits being reached ; another bore-hole was made through 
alluvial beds close to GadawM station to a depth of 251 feet Through- 
out the thickness of nearly 500 feet, no change of importance was 
detected in the alluvial formations. By far the greater portion of the 
beds traversed consisted of clay with calcareous and ferruginous grains, 
sand and pebbles being found occasionally throughout The bottom 

^ For description of the Narbada alluvial VI, 227, (1869); Records, VI, 49 ^ U^ 73 )i 
deposits see Memoirs^ H, 279, VIjli 66, (1875)- , 
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of the bore-hole was in lateritic gravel, and it is possible that rock was not 
far distant. 

The evidence thus obtained of the depth to which the alluvial deposits 
of the Narbadd valley extend proves that they fill a rock basin, for the bed 
of the Narbadd river, at the point where it leaves the alluvial plain near 
Handicl and commences to run through the rocky channel which extends to 
Barwai, is not more than 200 feet below the level of the surface at Gdda- 
ward and Sukakheri, and the valley is surrounded by higher rocky ground 
in every other direction. A slight prolongation of the alluvial basin to the 
south-west in the direction of Hardd, the prevalence of alluvium in parts 
of Nimar, and the circumstance that there is a great break by which the 
railway traverses the Sdtpura range, immediately east of Asfrgarh, may 
indicate that the upper Narbadd formerly joined the Tdpti in Khandesh/ 
and that the lower part of the valley of the former river, as it now exists, 
is due to changes of level in the later posttertiary period. 

The surface of the Narbadd alluvium is undulating, and evidently 
denuded by the action of rain and streams. There is a slight slope of the 
surface to the westward throughout the plain, the elevation of the railway 
station at Hardd, at the western extremity of the alluvial tract, being 947 
feet above the sea, whilst Sohagpur station is 1,103 feet, Narsinghpur 
1,185, and Jabalpur, which is, however, on rock a little above the 
plain 1,351. The fall of the surface in 200 miles is probably about 3:0 
feet 

Different views have been put forward as to the marine, lacustrine, 
or fluviatile origin of the Narbadd alluvial deposits, but, before considering 
these, it will be well to give a list of the organic remains hitherto identified. 
They consist of bones and shells, and the following species have been 
determined: — 


VERTEBRATA.* 


Mammalia— 

Urstis namadiciis, 

B uhal li s pal cei ndicus^ 
Leptobosfraseri* 

Bus n am adieus. 

Ce''UifS (? diivaucelU)^ 

Sas, sp. 

H ippopotavms palai ndicus, 
„ namadicus. 
t Eqims namadicus. 


^ The greatest elevation on the G. L 
Raihv.'iy between the Narbadd and Tdpti 
valley, is 1,245 feet above the sea, or only 306 
feet above Hardd in the alluvial plain of the 


Mammalia, — conf-d. 

! Rhinoceros unicornis. 

Elephas namadicus. 
t ,, insignis. 

I t „ ganesa. 

j Heptilia— 

Pangshura flamventris. 

BataguVs cf. dJiongoka. 

TrionyXy cf. gangetius, 

Crocodilusy sp. 

Narbadd. 

® Lydekker, PaL Indica^ series tU, 
(1,864-86). The species marked with a dagger 
are? foi^nd also in the Siwdliks, 
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NARBADA FOSSILS'. 


3^-H} 


MOLLUSCA.^ 


Gasteropoda— 

Melania Uiherciilaia, 
Paludina bengolensis. 

,i dissimilts. 

^ Bythinia cerameopomat 
^ „ pulchella. 

Bulimus insular is* 

^ Lymnea acuminata* 


Plan or bis exUs^tfis* 

* „ CU7}'lp 0:isnsf‘ 

Lam EL LI BRANCH! AT A — 

Utlio corrngilius'l var. 

„ itidicus, 

„ sp, near U* slmftkffianns. 
„ marginalis. 

Corbiaila, sp. near C. striafella. 


The only trace of man hitherto found in these deposits consists of a 
chipped stone scraper or hatchet discovered by Mr. Hacket in siin near 
the village of Bhutra, eight miles north of Gcldawdrd.^ The material is Vim- 
dhyan quartzite*, and the form similar to that of some of the implements 
fo und inthe lateritic deposits of Southern India, and in the postpiiocene 
formations of Europe. 

The only form identical with existing Indian species is Rhiftoceros 
unicornis ^ originally described under the name R* namadicus^ but accord^ 
ing to Mr. Lydekker the bones are not distinguishable from those of the 
living species,® Elephas namadtcus is allied to the existing Indian ele- 
phant, Buhalus palmndicus \s very close to the living Indian wild buffalo? 
and the deer is a near relation to, if not identical with, the bdrasingha 
{Cervus duvaucMi)* On the other hand, Elephas instgnis and Hippo-* 
potamus namadicus belong to extinct subgenera, the first being found, 
and the latter represented by a nearly allied species, in the pliocene Si Wcilik 
rocks. Hippopotamus palseindicus and Bos namadicus are not nearly 
allied to any Indian living species, the first belongs to a genus now only 
found in Africa, whilst the second, although having some characters in 
common with the living wild cattle of India, Bos {Bibos) gaurus^ differs from 
the latter in many important particulars, and appears to be quite as closely 
connected with true taurine oxen belonging to the type of Bos taurus. 
Bos namadicus^ indeed, cannot be classed in the subdivision Bibos. The 
relations of the remaining mammals are less distinctly made out, the speci- 
mens on w^hich the species are founded beingfor the most part fragmentary. 

The only reptile clearly identified is Emys tectum^ which is considered 
identical with a living Indian form. It is very singular that only frag- 
mentary remains of crocodiles occur, for they abound in the Siwdlik 
rocks and a species is common inthe Narbadd at the present day. The mol- 
lusca appear to be the same as species now living in the 

mens having been preserved in the Geological 
Museum. 

2 Records, VI, 49. (1^73) I two figures of 


' Memoirs, II, 284, (i86o)j Records^ yi, 
54, (1873). The nomenclature in this list 
is that adopted in the first edition of the 
Manual, The species marked with an iisterisk 
are not determined with certainty, ijo specb 


the implement are given. 

^ Pal Indica, series x, I, p. viii, (1880). 
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commonest forms now known to occur in the river valley are represented.^ 
except some minute species of land shells. Their absence is not surpris** 
ing, because land shells for the^ m part float, when washed away, and 
are left on the surface, where they decompose, instead of being preserved 
in alluvial deposits. 

The examination of the molluscan remains in the Narbadd clays and 
gravels completely disproves the idea of a marine origin, but it has been 
considered by some observers that the deposits are lacustrine.® This view 
was principally based upon the uniform appearance of the clay and the 
absence of stratification. But this very uniformity and want of strati- 
fication are common characters of undoubted river deposits, and may be 
observed on the banks of most large streams, whilst the frequent deposi- 
tion of pebble beds throughout the clays could not have taken place in 
the still waters of a large lake. 'Hie bones too are isolated and broken, 
sometimes even being rolled, whereas, if deposited in a lake, different 
bones w’ould in all probability be found together, because away from the 
margin there could be no current in the lake of sufficient force to trans- 
port bones divested of flesh, and any mammalian remains deposited in 
the bottom of the lake must be derived from floating carcases or portions 
of carcases. Moreover, the Chelonia and fresh wmter mollusca are all 
forms which inhabit either rivers or shallow marshes in river valleys, and 
it is improbable, if so great a change took place in the area as would 
be involved in the replacement of lakes by a river valley, that a greater 
difference w'oulcl not be produced between the tortoises and fresh water 
shells formerly inhabiting the waters and those still living. 

The fact of the alluvial formation occupying a rock basin shows, 
however, that a considerable upheaval of land must have taken place to 
the westw^afd, and it is possible that this upheaval may for a time have 
given rise to a lake, and the lower beds may consequently be lacustrine 
even through those from which the fossils were obtained are alluvial. If 
the Narbada has really been diverted from its original course as suggested 
above this could only have happened through a movement of elevation 
sufficiently rapid to pond back the drainage and produce a lake. 

The alluvial plains of the Tipti valley require but brief notice.® In 

1 The only exception of any importance (1865) ; but it is extremely doubtful whether il/. 
is Melania spinulosa^ but that is not by any vatiahilis does exist in the Narbadd valley or 
means so generally distributed a form as its neighbourhood. The occuirence of 

tuberculaia. The .absence in the Narbadd included in Mr. Theobald’s list, loc, cit,^ 

deposits of Melania nariabilis and M. spinu- isi, also very doubtful. 
losa., the latter of which is included in Mr, ® Memoirs^ II, 283, (i860). 


Theobald’s lists of living Narbadd spedes * For a few additional details, see Memoirs, 
[Memoirs, W, 287), was noticed by Fal- VI, 276,286,(1869); and Wynne, Records^ 
coner, Quart.; Jour, GeoL Soc., XXI, 382 , tl, 
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their principal cfmracters they resemble the Narbadd plain, bui the depth of 
the deposits is unknown,, no deep borings having been made, As in the 
Narbadd valley, the river no w rUBS at a considerable depth below the alluvial 
plain and is evidently cutting its eliannel deeper. The whole basin is com- 
posed of the Deccan trap, and the Tdpti cuts its way out to the westward 
through the same formation. No remains of mammalia have hitherto been 
detected in the alluvium, but Ihey nill probably be found if sought after; 
the few mollusca found, as in the Narbadd plain, belong to recent fresh 
water species inhabiting rivers. 

The difference in elevation between the Tdpti and Puma ])]ains is not 
accurately known, nor are the levels of different parts of the plains uell 
determined, the only data available being those furnished by the railway. 
The height above the sea at Bhusdwal, just south of the alluvial flat,, near 
the eastern extremity of Khaiidesh, is 677 feet. This cannot be much 
above the flood level of the Tdpli river, for the rail level at the bridge over 
the lYipti, only about six miles distant, is 685 feet. At Malkapur, close to 
the western extremity of the Puma alluvial plain, the level is 816 feet, at 
Akola 917, at Murtazipur 986, and at Badnera south of Amraoti, 1,093. 
The last locality, however, is some miles distant from the south-eastern 
edge of the alluvium, and none of the railway stations are out in the allu- 
vial plain, as in the Narbadi valley. 

Tlie only peculiarity cf the Purna alluvial deposits, which deserves notice, 
is the occurrence of salt in some of the beds at a little depth below the sur- 
face. Throughout an area more than 30 inilps in length, extending from the 
neighbourhood of Dahihdnda (Dhyanda), north of Akola, to within a few 
miles of Amrdoti, wells are sunk for the purpose of obtaining brine in several 
places on both sides of the Purna river. The deepest w'ells are about 120 
feet deep. They traverse clay, sand and gravel, and finally, it is said, a. 
band of gravelly clay, from which brine is obtainc^d. No fossils have 
been found in the clay and sand dug from the wells. The occurrence of 
salt in the alluvial deposits of India is not uncommon, and it is impossible 
to say, without further evidence, wdietherit indicates the presence of marine 
beds. The absence of marine fossils in all known cases is opposed to any 
such conclusion, but still it is not impossible that the land may have been 
1,000 feet lower than it now is in late tertiary, or early posttertiary times, 
and this difference in elevation would depress the Purna alluvial area 
beneath the sea level 

It has already been mentioned that the alluvial deposits of the Godavari 
do not occur in distinct basins, like those of the Narbadd and TdptL 'Phis 
river in general has but a slight fail, and forms a broad alluvial plain where it 
traverses softer beds, whilst it cuts a steeper slope through harder rocks. 
There is an exception to the latter rule m the gorge above RdjdmaliendrL 
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Extensive alluvial areas occur along the upper part of tlie Godstvari in the 
Bombay presidency and the adjoining portion of the Nizam’s dominions, 
and similar tracts are found on the Pengang^, Wardli^^ and Waingangd, 
tributaries of the Godavari, in Berar, Ndgpur and Chdiid 4 . 

The composition of these deposits differs in no important particular 
from that of the Narbadd and T^pti alluvium. The gravels are chiefly 
composed of rolled agates and fragments of basalt derived from the Deccan 
traps, which are the prevailing rocks in the upper part of the valley. 
Silicifiecl fossil wood in all sizes from small fragments up to trunks lo 
and 15 feet long ^ is abundant along the west Chikidla sand- 

stones, from near the Wardhi to the Godavari near Enchapalli, and is found 
less abundantly from here on to Albaka on the Goddvari. I'he greater por- 
tion of the alluvium in all cases consist of brOAvn clay with kankar. In the 
Wardh^ valley beneath the clay and calcareous conglomerates some fine 
sandy silt, light brown or grey in colour, occurs west of Chdnda, and 
contains salt, with a considerable proportion of sulphate of magnesia ® 
(Epsom salts). 

Mammalian bones have been found, sometimes it is said in large num- 
bers, in the Godtivari valley, but very few appear to have been preserved, 
and the only species identified is Bones of Bos and 

other animals occur, and it appears probable that the fauna is similar to 
that of the Narbadd valley. From the gravels near Mimgi and Paitan 
(Pytmi) on the road from Ahmednagar to lalna, Mr. Wynne obtained an 
agate flake, ^ apparently of human manufacture, thus affording a second 
instance of traces of man occurring in the pleistocene river gravels of 
the Peninsula. 

Ihe most important localities at wdiicli bones have been observed are 
the neighbourhood of Mungi and Paitan already mentioned, and one or 
more places on the Pengangd or its tributaries in the neighbourhood of 
Hiogoli.^ At one spot near Hingoli bones are said to have been found in 
immense quantities, but unfortunately they were not px'escrved. 

Ihe valley of the Kistna resembles that of the Goddvari in many 
respects. There are similar plains of alluvial clay w’ith beds of sand, gravel 
and calcareous conglomerate, but none of these plains appear to be 
of great extent. Beds of gravel have been observed in many places at a 
height of 60 to 80 feet above the present course of the river and its 
tributaries.^ 


^ W. King, Memoirsy XVIII, 29S, (1881). 

^ Hughes Memoirs, XIII, 92, (1877). 
®J^aIconer, Quart, Jour. Geol.Soc,, XXI, 381, 
(1865), Memoirs, YI, 232, (1869). 

* For a description by Dr, T. Oldham and 
figures, see Records, I, 65, (1868). 

® Capt. O, W, Gray, Mad, Jour, Lit. Sci,j 


YII„ 477, (1838); Carter, on the authority 
oLDr, Bradley, ^our. Bo. Br, Roy. As* Soc*y 
304 i (185^) j Newbold, Jt-mr, Roy. As. Soc. 
¥ 111 , 246, (1846). See also Memoirs, VI, 23 >, 
(1869). : 

® Newbold, four. Roy. As. Soc ^ VIII, 247, 
(184^) Foote, Memoirs, XH, 237, {1875). 



Chap. X¥L] 


KISTNA ALLUVIUM. 


The only important mamnialian remains hitherto found in the alUndal 
deposits of the Kistna and its tributaries consist of portions of the craniun) 
and mandible of a RhinoceroSy md some bovine teeth and Jaws, found on 
the Gatparba near the town of GokAkd The bovine remains have not 
been determined but the Rhmoceros \\^.s been described under the name 
of R, deccanensis by its discoverer, Mr. Foote ; ® the species differs widely 
from all living forms, and does not appear to be very nearly connected 
with any known fossil Indian species. Some fresh water shells of living- 
species w^ere found with the bones. 

It was probably from some part of the upper drainage area of the Kistna, 
also, that Colonel Sykes obtained the teeth of a trilophodont Mastodon 
described by Falconer ^ under the name of M. pandionh. 

Large numbers of chipped quartzite implements of human manufacture, 
and belonging to the same type as that discovered in the Narhadd alluvium, 
have been found in various gravels in the southern Maiathd country on the 
Malparba and other affluents of the Kistna;^ The relations between 
the ossiferous gravels and those containing the implements are, however, 
somewhat obscure. 

Nothing of importance is known concerning the older alluvial deposits 
of the remaining rivers in the Indian peninsula. 

It is in the Mahdnadi, Kistna, and Penner valleys that the principal 
diamond gravels are found, frequently at heights considerably above the 
present stream level.® The pebbles in the gravels are composed of various 
kinds of metamorphic and transition recks. 


Throughout the east coast of the Peninsula, from the delta of the Ganges 
to the neighbourhood of Cape Comorin, with the exception of a few miles 
near Vizagapatam, there is a belt of alluvial deposits, varying greatly 
in breadth, but nowhere exceeding about fifty miles. In places the hills 
approach the sea, leaving only a comparatively narrow belt of sandy fore- 
shore, as south of the Chilkd lake in Orissa and again near Pondicherri, 
whilst broad alluvial plains extend inland for many miles, near the mouths 
of the great rivers Mahdnadi, Goddvari, Kistna, Cauvery, etc., where there 
is actually a slight projection beyond the general coastline, owing to the 
quantity of sedim ent deposited, although the strong currents which sweep 
up and down the coast prevent any great seaward extension of the deltas. 

To the northward the east coast alluvium joins the older alluvial de- 
posits on the western side of the Ganges delta, and the two resemble each 
other closely in mineral characters. The coast alluvium consists chiefly of 


* Memoirs, XII, 232, (1876). 

2 Pal. Jnd., series x, I, pt. i, (1874)* 

3 Palaeontological Memoirs, London, 1868, 
1, 124. 


* Foote, Memoirs^ XH, 241, (1S76). 

® Newbold, y&uf* Roj, As, Soe., VJJ, 226, 

(S853). 
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clays sxith kankar and, near the hills, pisolitic nodules of iron peroxide, the 
latter being in places sufficiently abundant to render the deposit a kind of 
laterite gravel. Gravels and sand also occur, frequently more or less 
mixed with ferruginous concretions, and there is, in many localities, an 
apparent passage between the ferruginous gravel of the alluvium and the 
low level form of laterite, but in other places this older alluvium rests un- 
conformably upon the low level laterite, which has been shown, by the 
occurrence of palaeolithic implements, to be itself of posttertiary age. 

The surface of the coast alluvium is usually quite fiat near the sea and 
in the river deltas, but towards the hills it is more uneven, and the surface 
has undergone a considerable amount of denudation, evidently from being 
at a higher level. 

At Madras and Pondicherri, shells belonging to recent species have 
been found at depths of from 5 to 20 feet beneath the surface, or con- 
siderably above the present sea level. Faither south also, near Porto Novo 
in the lower valley of the Vellar,^ a bed of estuarine shells is found above 
the present flood level of the river, and consequently at a considerable 
height above the sea. Similar deposits of shells have also been noticed 
near Cuddalore and Tanjore.® 

The shells, as a rule, are estuarine forms, such as now live in the creeks 
and backwaters of the coast, ^ but in several cases true marine species have 
been found. The subfossil shells near Madras are so abundant in places 
that they have been collected for burning into lime. 

Another place where estuarine shells have been observed is close to 
the Chilk^ lake in southern Orissa. The forms found were Cytherea casta 
and Area granosa^ and the deposit containing the shells is now at elevations 
of from 20 to 30 feet above the level of the highest tides* 

The thickness of the alluvium has been tested at Madras by a boring 
which went through it, and struck the crystalline rocks at 55 feet from the 
surface.^ Further south, at Pondicherri, the thickness of the alluvium is 
much greater, one boring having been put down 550 feet without reaching 
its base. The alluvial deposits of F^ondicherri are both interesting and im- 


portant, in that they yield a supply of artesian water at various depths below 
the surface,® and in one boring, at Bahiir, abed of lignite, 10-65 m. (35 feet) 
in thickness, was struck at a depth of 73*38 m. (240 feet) from the surface.^ 


The lignite is too impure to be of commercial importance, but since it 


^ H. F. Blanford, Memoirs^ lY, 192, (1863). 
^King and Foote, Memoirs^ IV»254, (1864). 
^ The following are ths most characteristic 
species. They are seldom, if ever, found in 
the open sea, but they are always met with in 
backwaters, and at the mouths of rivers, and 
many of them occur in creeks of deltas near 

the sea teleseopium-i P. fiuvia* 




Area granosa^ Cythera casia^ C. mere- 
ifiiSy Osirea, a large species. 

* NeWbold, Jour^ Roy, As. Soc,^ VIII, 248, 
(1846). 

®For details see W. King, Records^ XIII, 113, 
X94, (1S80). 

® Geological Survey, MS. Records. 
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must have been formed at or near the surfacej it is intcrestii^g as evi- 
dence of an amount of subsidence corresponding to the depth at which it 
was found beneath the surface. 

Evidence of subsidence to a less degree is again found in a submerged 
forest at the western end of V^lirnukam bay in the Tinuevclli district. Ihe 
forest^ or rather so much of it as can be seen, is described as about half an 
acre in extent, lymg at or just below high water mark ; the stumps have 
a diameter of one to one and a half feet at the base of the hole, and are 
surrounded by black mud containing remains of twigs and detached 
branches. An incised bone pendent was found, which appeared to have 
been washed oat of this mud, showing that the forest flourished since the 
advent of man. 

The trees of this forest could hardly have flourished at sea Iev<d 
or on the ccast, so that there has certainly been some subsidence in 
this neighbourhood, but indications of a contrary movement are found close 
by in the occurrence of Potawides and other littoral maiine shells in clay 
above high water level, showing that this clay must have been elevated 
since it was formed.^ 

Before proceeding to the description of the recent accumulations on the 
west coast of the Peninsula it will be vi'eH to notice the remarkable 
smooth water anchorages of Aleppi and Narakal. These are mud 
banks of about four miles in length, whose position varies in the Course of 
years within the extreme limits of about eleven miles. The sea bottom 
on these banks is composed of a very soft mud, which readily mixes 
With the sea water, and smooth water can always be found over the 
mud banks, though open to the full force of the south-wxst monsCon, 
however tempestuous the sea outside may be. It was this peculia- 
rity which first attracted attention, and rendered them important to the 
navigators of a coast where there are no sheltered harbours, and the 
accounts which have been written from time to time constitute a 
tolerably extensive literature.® According to the most recent investigation 
of the subject, these smooth w^ater anchorages owe their origin to a bed of 
very soft, fine grained, greenish clay, containing foraminiferse and diato- 
macese, wTich underlies the soft recent sandstones of the stirfece of the 
narrow strips of land separating the sea from the backwaters of Travan- 
core and Cochin. When the water level in these backwaters is raised 
by the monsoon tains, this mud is forced outwards, and rises in cones 
and ridges along the shore and under the sea, and once it has become 


* Foote, Memoirs^ ^3, (1883). 

® A good account of these mud banks by Dr. 
W. King is published in Records^ XVtl, 1(4, 
(1885), where an account of the previous liter- 


ature will also be found. A more recent in- 
vestigation by Mr. Lake is printed in Record^^ 

XXni,4L(jW- 
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thofoughly mixed with the sea water the Waves of the open sea are 
smoothed oif and reduced in size ovet the rtiud banks. 

This result appears to be due to two separate causes. In the first place 
the mud contains an appreciable proportion of oily matter^ and the action 
of oil in stilling stormy waters is now well kliown, but the second cause 
appears to be much the more important. The large quantity of impalpable 
mud mixed with the water increases its density, and, consequently, the 
waves, pn entering this denser water, decrease in size and are retarded. 
Moreover, as the proportion of mud is much less at the surface than lower 
down, the lower part of the wave is retarded more than the upper, and the 
wave may actually break if the increase in density be sufiiciently rapid, 
•or merely be obliterated if it is sufficiently gradual. This action is 
intensified by the large amount of fresh water falling on the sea as rain and 
poured out by the rivers, which floats on the surface in such quantities that 
ships may often replenish their stock of fresh ivater by dipping over the 
side of the vessel with a bucket. It is doubtless due to the greater density 
of the deeper layers of water, owing to the smaller proportion of salt and 
mud in the upper layers, and the consequent retardation of the lower 
portions of the larger waves that they are broken up, while the film of oil 
•derived from the mud causes the smaller wavelets to be smoothed off. 


There is no such continuous plfim of alluvium along the western shore 
of the Peninsula as on the east coast. The ground between the Sahyadri 
range and the sea, where not hilly, consists genei ally of a gentle slope 
towards the coast, composed of rockj covered in many places by laterite. 
The coast itself is rocky in parts, and the alluvial deposits are chiefly 
confined to the neighbourhood of the small streams, wdiich run from the 




Western Ghits to the sea, or of the backwaters, or lagoons, wdiich have 
been cut off by banks of sand along the coast. The backwaters are of 
considerable extent In Travancore and Malabar, but they are w-anting 
farther north and on the coast of the Bombay presidency. The alluvial 
valleys between the hills are unimportant south of Bombay itself, althougli 
they gradually increase in extent to the northward* 

Alluvial plains, evidently of comparatively recent formation, connect 
the hills of Bombay and Salsette island, a few creeks alone remaining 
to show the position of the marine channels which formerly existed. Farther 
north these plains gradually increase in extent, until they merge into 
the alluvial flat of Gujar4t. 

At Bombay the alluvial deposits consist of blue and yellowish brown 
clay. The former varies in thickness from a few inches to several feet, its 
upper surface being at present about one or two feet below high water 
level. It is very salt, and contains small , grains and nodules of kankar, and 
occasionally plates of gypsum ^it is- frequently penetrated by mangrove 
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roots, which are usually riddled by Teredo borings, just as m the mud of 
tidal creeks, and at one spot large masses of oyster shells have been foiitui 
in it. The yellowish brown clay appears to be the older of the two deposits. 
Its surface is frequently above the sea level, it abounds in larger masses 
of kankar, and it has occasionally yielded estuarine shells, Plactina^ 
Oscrea^ etc. That these alluvial deposits are estuarine, and precisely 
similar to the mud now deposited in the creeks and backwaters of the 
coast, or on the shores of Bombay harbour, is shown by the sioniarity 
of mineral character and by the organic remains, both vegetable and 
animal, found in the clayd 

Some very interesting indications of subsidence were found in the ex- 
cavation of the Prince’s dock at Bombay. A large number of tree stems 
and roots were found in the blue clay, many in the position in which they 
originally grew and some of the stumps were 30 feet below high water 
level. The evidence of subsidence here is unmistakeable, but the littoral 
concrete, seen on the west side of the island, must have been formed at a 
lower level than it now stands at. The elevation on one side of the island 
and depression on the other could not have been contemporaneous, so that 
we have clear proof of oscillations of level similar to, but of greater extent 
than, those Dr. Buist recognised many years ago.^ 

It is evident that Bombay harbour is the last remaining inlet out of 
many which formerly indented the Bombay coast, and that this harbour 
is gradually silting up and being converted into dry land. The process^ 
however, is slow, and it may be ages before its progress is such as to 
affect the trade of Bombay, but, unless depression takes place in the area, 
or means are devised for checking the deposition of mud, there can be 
no question of the ultimate result. Except at Bombay, little has been 
recorded concerning the alluvium of the western coast south of Dam^ln, 
and that little presents no features of interest. 

In the neighbourhood of the rivers TApti and Narbadd- there is, how- 
ever, a broad and fertile alluvial plain^ near the sea, resembling in 
some of its features the alluvium of the east coast. Commencing to 
the southward near Damdn, this plain covers the greater portion of the 
Surat, Broach, and Ahmadab^d districts, and continues as far as the Rann, 
where it joins the area of recent deposits connected with the Indus valley, 
Near Surat this plain is about 30 miles in breadth, and near Baroda it is 
60 miles wide. 

The alluvium of eastern Gujarat consists of brown clays with kaiikar, 
feasting upon sands and sandy clays with occasional gravels. The surface 

^ Buist, Imrans, Bom* Geog* Soc*f X, l8ii 
(185a): Carter, 
ly, 204, 


irans. no* 

^ Memoirs, VI J 233, (1869) ; Records, 1 , 30, 
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is co\ered with black soil to the southward, though not in the district 
of Ahmaddbid, and is frequently flat over considerable areas, but in parts 
of the country the ground is undulating, evidently in consequence of 
having been denuded by rain action. The deposits appear to have been 
chiefly estuarine or marine, and have probably been raised, as on the east 
coast, but no fossils have been found. The Gulf of Cambay is said to be 
gradually silting up, and there can be very little doubt that it was formerly 
part of a broad inlet leading from the Rann, then an inland sea, to the 
ocean, and that the remainder of the inlet has been converted into the 
alluvial plains of Ahmaddbid, Broach, Surat, and north-eastern Kdthidwar. 

In north-eastern K^thiawdr, on the borders of the Rann, there is a 
large alluvial tract, ^ continuous with the alluvium of Ahmeddbdd, and 
similar in character. Between Kdthi^wdr and Ahmeddbdd, in the line of 
depression between the head of the Gulf of Cambay and the Rann of Cutcb, 
there still exists a large shallow lake of brackish water, called the Nal, about 
twenty miles in length by three or four broad. In the neighbourhood of 
this marsh shells of a form of Cerithiiim (probably Potamides telescopium 
or P. fluviatilis) are found, showing that estuarine conditions have pre- 
vailed at no distant period, and tending to contirm the probability that 
the depression between Kdthi^wdr and Ahmeddbad is an old marine inlet, 
silted up in recent times. The distribution of black soil in the neighbour- 
hood of the Nal will be noticed presently. 

Along the south coast of Kdthidwar there is very little alluvium, its place 
being taken by a calcareous grit, with marine shells, which is evidently of 
late formation. A glance at the map will show that this coast is exposed 
to the full action of the currents which sw'eep along the shores of the 
Peninsula, so that it is unlikely that any accumulation of sediment would 
take place. A patch of recent deposits has been mapped at the western 
extremity of the Kdthidwdr peninsula, but along its north-western coast the 
Deccan traps extend down the sea shore. The belt of alluvium reappears 
in Cutch,® wdiere it is from three to ten miles broad, there being only one 
place where rocks come down to the shore, ‘lliis is in the Gulf of Cutch. 
The alluvial plain of Cutch consists of a brown loam, resting upon mottled 
clay, with kankar and grains of quartz. 

An agglutinated calcareous shelly grit is found, a little raised above the 
sea level, in several places on the west coast of India. This deposit, which 
was called littoral concrete by Dr. Buist,^ consists of shells, corals, pebbles, 
and sand, cemented together more or less thoroughly by carbonate of 
lime, and sufficiently compact in places to be employed as an inferior kind 


5 Rogers, Quart, Jour, Geol, Soc,, 

1X8, (1870); F. Fedderij XXI, 130, 

(1884). 


® Wynne, Memoirs^ IX, 81, (1872). 

^ Trans, Bo. Geog. Soc,, X, 179, (1SS2); Jour, 
Bom^ Br, Roy* As. Soc. IV, 206, (1853). 
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of building stone.. The best known locality is in Bombay island, where the 
shelly grit forms the flat ground of the Esplanade and part of the surface 
on which the fort was built, the same deposit is also found at Mahirn and 
otlier ■ places in the island, resting sometimes upon rock, but more often 
upon the blue alluvial clay, described a few pages back. The same form- 
ation is found to the southward at Malwdn,^ and northward here and there 
as far as Dam^n,, where it was observed by Mr. Wynne, apparently in 
process of formation.® Near Bulsdr, a little north of Dam^ln, the littoral 
concrete was observed to be stratified, the strata dipping at a low angle 
towards the sea. 

Ill western Kdthidwdr the same formation is much more widely deve- 
loped, It here assumes the character of an earthy calcareous grit, is 
usually of a dark ashy colour, and contains marine shells and corals. Occa- 
sionally it attains a thickness of 60 feet, audit rests unconformably on 
the denuded surface of the miliolite. The fossils found in the calcareous 
grit, so far as is known, are all species now living on the neighbouring 
coast, but no thorough comparison has ever been made. 

There can be very little doubt that the shelly calcareous grits of the 
Bombay and Kdthiiwircoast are truly marine, not estuarine, and that they 
are the result of a littoral accumulation of the sand and pebbles found on 
the shore, together with marine shells and corals. The beds may have ori- 
ginally been sand spits or beach deposits, very little, if at all, above high- 
water mark, and consolidated by the cementing action of carbonate of lime 
after being raised. In any case there appears to be evidence of a rise in 
the land, trifling at Bombay, but greater in Kdthiawar, 

Indications of local deposits, supposed to have been formed in lakes, 
have been noticed on the Nilgiri hills of Southern India ® and in the southern 
Marathi country,^ and have been supposed to indicate changes of level 
No fossils have been found in these deposits, nor does the evidence in 
either case amount to clear proof of the former existence of lacustrine 
conditions, although the probabilities are in favour of this view. 

It would be beyond the scope of the present work to enter into the 
question of Indian soils. Consisting as they do of the surface of the 
ground altered by the action of the air and rain, by impregnation with 
organic matter, and by the results of agricultural processes, they necessarily 
vary with every difference in the underlying formation, whether it be one 
of the older rocks or of the more recent unconsolidated deposits. There are, 
however, two forms of superficial formations which, having received repeated 

« Memoirs, XII, 243, (1876). - , | H, F. Blanford, Memoirs, I, 243, (1858). 

® Records, I, 32, (1868). .1 P'oote, Memoirs., XII, 228, (1876). 
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notice in Indian geologiGal works, require a few remarks to be devoted 
to them, and one of the two, the regzir^ or black soil, is a very remarkable 
substance. The red soil also requires notice, because it has been so 
frequently mentioned in geological treatises. 


The somewhat ferruginous soils common on the surface of many 
Indian rocks, and especially of the metamorphic formations, would pro- 
bably never have attracted much attention but for the contract they 
present in appearance to the black soil. They have only been noticed, 
as a rule, in papers relating to the black soil country in the western and 
southern portions of the Peninsula. The commonest form of red soil is a 
sandy clay, coloured red by iron peroxide, and either derived from the 
decomposition of rock in situ or from the same products of decomposition 
washed to a lower elevation by rain. The term is, however, frequently 
used in a very vague sense, apparently to distinguish such soils as are not 
black, and hence many alluvial soils may be comprehended under the 
general term. In very many cases, too, it appears to have been applied 
in Southern India to thick alluvial beds of sand or sandy clays, which 
are in fact ordinary river or rain-wash deposits. 


The regur of Peninsular India, called black soil from its colour, and 
cotton soil from its suitability to the cultivation of cotton, occupies the 
surface of a very large portion of the country, and Nevvbold considers that 
at least one-third of Southern India is covered by it. The name 
is a corruption of the Telugu regada^ or of cognate words in affined 
languages. ^ 

Kegur, in its most characteristic form, is a fine dark soil, which varies 
greatly in colour, in consistence, and in fertility, but preserves the constant 
characters of being highly argillaceous and somewhat calcareous, of 
becoming highly adhesive when wetted (a fact of which any one who has 
to traverse a black sod country after a shower of rain becomes fully aware) 
and of expanding and contracting to an unusual extent under the respec- 
tive influences of moisture and dryness. Hence, in the dry season the 
surface is seamed with broad and deep cracks, often five or six inches across 

Carter, Jour. Bom, Br, Roy. .4^. Soc.^ V, 
329» {1854). 

Theobald, Memoirs^ II, 298, (i860) j X, 

H. F. Blanford, Memoirs^ IV, 183, (1802). 

King and Foote, Memoirs, IV, 352, (1864)* 

W. T. Blanford, Memoirs, VI, 235, (1869) ; 

Records, Vlil, 50, (1875). 

T. Oldhain, Records, IV, 80, (1871), 

Foote, Memoirs, Xll, 251, (1876). 


^ The following are some of the principal 
writers who have described regur: — 

Christie, Edin, Phil. Jour,, VI, 1 19, 
(1829) ; VII, 50, (1839); Mad. Jour. Lit. 
Scl, IV, 469, (1836). 

Voysey, Jour. ^5. Soc. Beng,, 11, 303, (1833), 
Nevvbold, Proc. Roy. Soc., IV, 54, (1838;; 
Jottr. As. Soc, Beng., XIII, 987, (1844); 
XIV, 229, 270, (1845); Jottr. Roy. 

SoC., Vin, 253, (1846). 

Hislop, Jour. Bo, Br, Roy. As. Soc., V,, 
61,(1853). 
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and several feet deep. Like all argillaceous soils, regur retains water, and 
consequently requires less irrigation than more sandy gro\.ind ; indeed, as 
a rule, black soil is never irrigated at all in the western Deccan, Nagpur, 
and Haideicibad. When dry, it usually breaks up into small fragments ; on 
being moistened with water it gives out an argillaceous odour. It is said 
to fuse, when strongly heated, into a glassy mass, but this is not invari- 
ably the case, and is probably dependent on the proportions of iron and 
lime present. 

The chemical composition of regur has not received much attention. 
From the few and partial analyses^ which have been made the proportions 
of iron, lime, and magnesia seem to vary, and there appears always to be a 
considerable quantity of organic matter combined. 1 he black colour 
appears to be due either to the carbonaceous elements of the soil, or to 
organic salts of iron, but the tint varies much, being frequently browiiish, 
and sometimes grey. 

Christie made some experiments to determine the absorbent power of 
regur. He first dried a portion at a temperature nearly sullicient to char 
paper ; he then exposed to the atmosphere of a moderately damp apart- 
ment 26 i 5‘6 grains of the dried soil, and found after a few days that it had 


^ The iollowing are the analyses. In neither 
case is it stated how the analyses were made, 
nor which ingredients were determined by 
loss. Tn the first, by Dr. Macleod and pub- 
lished by Captain Newbold JRoy^ As, 

Soc,, Vlil, 254), a complete analysis of a dried 
sample appears to have been made, but the 
locality from which the specimen was derived 
is not siattd : — 

iSilica • • • • • 4^ ^ 

Alumina • . • . 20*3 

Carbonate of lime • • » id’O 

Carbonate of magnesia . . 10'2 

Oxide of iron . • • . I’O 

Water and extractive , . 4*3 

lOO'O 


In the other analysis by Mr. Tween {MemoirSf 
IV, 361), undried soil was used, and the com- 
ponent parts were only deU rmined in the 
soluble portiori. The residue in all con- 
sisted chiefly of magnesia and alkali; in At, 
Bi, B2, there were traces of sulphuric acid, 

A and B were from near Seoni, C from 
Ind(;re, D from Barw'ani, and E from Burhan- 
pur ; Seoni and Barwdni are in the Narbada 
valley, and Burhdnpur in the Tdpti, 

A I, A2 represent the surface soil and 
subsoil taken from the same locality, At being 
the surface, A2 from $ feet below surface. The 
two marked Bi, Bs, are, in like manner, the 
soil and subsoil (3 feet deep) from one locality, 
while C, D, and E are the soils taken from 
only a few inches below the surface. Bi is 
considered the best quality of soil : — 
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gained 147^1 grains. He then exposed the same sample to an atmosphere 
fatiirated with moisture, and found that the weight increased daily, till the 
end of a few weeks, when it was found to be 2828*4 grains. The soil had, 
therefore, gained 212*8 grains, or about 8 per cent 

As a rule, the purest beds of regur contain no pebbles, although this 
soil usually abounds in kankar. Fragments of chalcedony or zeolite are, 
however, often found in the black soil, where it is derived from the decom- 
position of basalt, and in Southern India regur occasionally contains debris 
of the metainorphic rocks, sandstone or limestone, on which it rests. 

Where uncultivated, black soil plains usually support but few trees, 
and those, as a rule, of no great size, but the principal product is grass, 
commonly growing to a height of three or four feet, but sometimes con- 
siderably higher. The growth of grass On the uncultivated plains of India 
is, however, greatly promoted, and the trees injured or killed, by the 
universal practice of burning the grass annually in the dry season, so that 
it is probable that the plains of black soil would support forest if left to 
themselves. 

The fertility of this soil is so great that some of the black soil plains 
are said to have produced crops for 2,000 years without manure, without 
having been left fallow, and without irrigation. On the other hand, some 
varieties of black soil, occurring near the coast of Southern India, are com- 
paratively infertile. 

The typical appearance is only presented by this soil near the surface 
of the ground ; if the regur is more than about 6 to 10 feet deep, it usually 
passes down into brown clay with kankar. It is never, except where it 
has been carried down and re-arranged as a stream deposit, met with at any 
depth beneath the surface. 

The distribution of black soil in the Indian peninsula is of some im- 
portance, because it affords a clue to the origin of the formation. Regur 
is found everywhere on the plains of the Deccan trap country, except in 
the neighbourhood of the coast. A very similar soil is found locally 
in the basaltic Rdjmahdl hills, but with this exception nothing of the 
kind appears to be known in Bengal or the neighbouring provinces. 
In Southern India, however, tracts of black soil are found scattered 
throughout the valley of the Kistna, and occupying the lower plains and 
flats of Coimbatore, Madura, Salem, Tanj ore, Rdmndd, and Tinnevelli. 
There is but little on the Mysore plateau. Some occurs on portions of the 
coast plain on the eastern shore of the Peninsula, and the great alluvial 
flat of Surat and Broach in eastern Gujardt consists of this soil. The 
soils of Ahmaddbdd are light coloured, but regur occupies the surface of 
the depression lying between Ahmadibdd and K^thidw^r, and connecting 
the head of the Gulf of Cambay with the Ran n of Cutchd 

' <■ ' :■ ^ .Rogers, Quart fmn X:XIV, i rS, ( 1 870} . 
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In many cases there cannot be a question that regur is simply derived 
from basalt by surface decomposition, and it is not surprising that 
numerous ; 'o from ■■'■^ Christie and Voysey to Carter and Theobald, 

should have coiitended, and should still contend, that all cotton soil is 
derived from disintegrated trap rocks. Throughout the immense Deccan 
trap area, the passage from decomposed basalt into regur may be seen in 
thousands of sections, and all the alluvial valleys, most of which contain 
black soil, are filled with deposits derived from the disintegration of basaltic 
rocks. More than this, the boundary of the trap is approximately the 
boundary of the black soil over enormous areas ; where the latter is found 
beyond the trap boundary, volcanic rocks may very probably have existed 
formerly, and have disappeared through disintegration, or the soil have been 
Welshed down from the neighbouring trap hills. This is admirably seen 
around Ndgpur and Chdndd in the Central Provinces, vhere regur occurs 
everywhere upon the trap, but is never seen upon the metamorphic rocks a 
few miles to the eastward, except where there is reason to suppose it has 
been transported, as in the alluvial flats of rivers which flow from the trap 
country. Again, whilst nothing resembling regur is found in the meta- 
morphic region of Bengal, Behar, Orissa, Chutid Nilgpur, Chhatisgarh, and 
the neighbouring provinces, soils, undistinguishable from those of the 
Deccan traps, are found in the basaltic Rdjmahdl hills, and a similar 
formation has also been observed in Pegu,^ derived from the decomposition 
of basalt. It has been urged that basalt may have been more widely spread 
in Southern India than is now the case, and that, where none is now found, 
its disappearance is due to its having been converted, by disintegra- 
tion into, regur. 

This view cannot, however, be accepted. In the first place, as was 
shown by Newbold, basalt generally disintegrates into a reddish soil, quite 
different from regur in character. This reddish soil may be seen in places 
passing into regur, but the black soil is, as a rule, confined to the 
flatter ground at the bottom of the valleys or on flat hill tops, the brown 
or red soil occupying the slopes. Again, the masses of black soil in the 
valleys of the Goddvari and Kistna might be due to the alluvial deposits 
having been derived from the trap rocks, through which both rivers flow 
in the upper part of their course, but hundreds of square miles in the 
basins of the Penner, Pdldr, Cauvery, and other rivers still farther to the 
south are composed of precisely similar regur to that of the trap area. 
There is no reason for supposing that the Deccan trap ever extended to 
the valleys of the rivers named, or can there be any reasonable doubt that 
the alluvial fiats contained in these valleys are mainly formed from the 
detritus of metamorphic rocks. 

Captain Newbold considered ^ all regur to be of subaqueous origin in 

^ Theobald, Memoirs^ X, 22p, (1873). , | ® Jam, }^oy,As, Soc., VIU, 256, (1846). 
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fndiay and compared it to the deposits in tanks; and to the mud of the 
Nile. Mr. H. F. Bianford suggested ^ that the cotton soil of Trichinopoli 
bad accumulated in lagoons or backwaters near the sea, and he showed 
that in one place, near Pond icherri, regur was actually being formed 
in a nearly dry kgoon separated from the sea by a sand spit Messrs. 
King and Foote, on the other hand, considered^ it more probable that the 
Trichinopoli regur was a fresh water deposit accumulated in marshes. It 
has since been shown ® that a complete passage takes place in the neigh- 
bourhood of Surat between the deposits formed in tidal estuaries and the 
regur of the surrounding country, aud it appears probable that much of 
the black soil of eastern Gujarit may have been originally a marine or 
estuarine (brackish water} formation. On the other hand, Hislop^ object- 
ed to the theory of formation by deposition in water, and he appears to 
have been the hrst .to suggest that regur may really be of subaerial origin 
and due to the impregnation of certain argillaceous soils by organic 
matter. This appears to be the most probable theory ; there can be no 
doubt that some forms of regur originate from the decomposition of basalt 
in situ^ others from the disintegratioii of other argillaceous rocks, whilst 
other varieties again were originally alluvial clays formed in river valleys, 
or deposited in fresh water marshes, estuarine flats, or salt water lagoons. 
The essential character of a dark colour appears due in all cases to the 
admixture of organic matter, and perhaps the presence of a small quantity 
of iron. It is far from improbable that most of the black soil flats of India 
were covered with luxuriant forest, before the vegetation was annually 
exposed to the effects of fire, I'he increased dampness of the soil, the 
protection from denudation by rain, and the supply of decomposing vege- 
table matter may have contributed to the formation of the more fertile 
forms of regur. That the process of regur formation is purely superficial, 
and that it is due to surface action of a past time, is well seen in many 
of the regur plains with a slightly undulating contour. In such places the 
earth is black on the flats above, where the superficial layer has not been 
washed away, brown where the wash of rain has swept away the surface 
soil, and the black soil washed from the sides of the hollows has frequently 
accumulated towards the lower portion of them. 

The abrupt termination of regur in places at the edge of the trap 
country is simply due to the change from an argillaceous soil to a sandy 
one. The basalt appears generally to decompose into a highly aluminous 
substance, the met rorphic rocks, on the other hand, produce sand to a 
large extent. At the same time it should be stated that it is not quite 
clear why argillaceous deposits should have become regur in Southern 
India, whilst nothing of the kind is known in Bengal, except in the basal- 

^ MBmoirs^ IV, 191, (1863). I ^ Records, VIII, 50, (1875). 

^ Memoirs^ IV, 357, (1864), I Bom. Bt, Roy. As. S0C., V, 6i:(i857), 
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tic region of the Rdjmahil lulls. A dark coloured soil certainly forms in 
the marshes of eastern India^. bat it has not the character of regiir^ and 
no cotton soil has been noticed in the dense forests of Chuti^ Nigpur and 
Bastclr, nor^ except on the' surface ol basalt, in the forest-clad plains of 
Buima. It is doubtful whether -.true regur occurs on the Malabar coast 
between Bombay and Cape Comorin, and the marshy soils on the top of 
the Sahyadri range do not form cotton soil. The black soil plains appear 
to be almost confined to those parts of India which have a moderate rain- 
fall, not exceeding about' 50- inches, but- it is impossible to say whether 
this is a necessary condition. 

it may then be stated that regur has been shown on fairly trustworthy 
evidence to result from the impregnation of certain argillaceous forma- 
tions with organic matter, but that the process w hich has taken place is 
imperfectly understood, and that seme peculiarities in distribution yet 
require explanation. 

True peat forms in the hollows on the Nilgiris and some of the 
other mountains in Southern India, such as the Shevaroys,^ at elevations 
above 4,000 feet, and its formation is due, as in temperate climates, to the 
growth and decomposition of a moss* In the marshes of the Gangetic 
delta an inferior kind of peat is also formed by the decomposition of 
various aquatic plants, and especially of wild rice.* The peat like beds 
found so widely distributed in the neighbourhood of Calcutta at a little 
depth below the surface appear to be derived from the decomposition of 
forest vegetation. A semewbat similar substance has been obtained from 
beneath a marsh in Oudh.* 


Sand drifted by the wind forms low hillocks on many parts of the 
Indian coast. A series of parallel ridges of sand hills along the shore 
of Orissa has been supposed to mark successive positions of the shore line. 
A similar tract of blown sand is found north of Orissa in the Midnapur 
district, and southwards at intervals throughout the whole of the east coast. 
The sand is, of course, derived from the sea shore and blown up into ridges 
at right angles to the prevailing wind, with their longer slope to windward 
and a shorter and steeper surface to leeward. Smaller patches of sand are 
sometimes found on the banks of backwaters. The sand hills frequently 
extend for tw'O or three miles inland from the coast, and in such cases the 
inner ridges are covered with a peculiar vegetation, amongst which the 
cashewnut tree {Anacardium occidentale) and a screw-pine {Fandanus) are 
conspicuous, and in some cases betw^een the parallel ridges coinciding in 
direction with the coast the ground is fiat, and even occasionally ifiarshy, 

» Foote, Memoirsy XII, I » Froc, As. Soe, Beng.^ 1865, p. 85. 
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as in parts of Midnapur. In the latter case it is probable that a lagoon 
has existed, which has been gradually silted up, the origin of the lagoon 
being due to the formation of a sand spit outside it As already noticed, 
the existence of several parallel sand ridges probably indicates a rise of 
land, each ridge coinciding with a former coast line. 

On the Malabar coast, sand dunes are equally common, and contribute 
greatly to the formation of lagoons or backwaters ^ by accumulating on 
spits of sand. In the northern portion of the western coast about 
Bombay no sand hills have been noticed, probably because the detritus 
from the trap rocks does not form a suitable material, but further 
north again, in Surat and Broach,^ in portions of Kathiilwdr, and in Catch, 
blown sand occupies more or less ground in many places in the neighbour- 
hood of the shore. 

Sand dunes in India are not confined to the sea coast, but are frequent- 
ly found on the banks of rivers. And the accumulation of blown sand on 
river banks is of common occurrence on many of the peninsular rivers, 
such as the Godavari, Kistna, and Cauvery, In some instances noticed 
by Newbold,^ villages have been burled by the sand blown from the river 
beds during the dry seasonA 

One peculiar form of sand hill, known as ten) is developed to a large 
extent along theTinnevelli coast, and to a small extent in the north-w^estern 
parts of Nellore and in the south of Travancore. The sand of w^hich these 
hills are composed consists of rounded grains of colourless quartz, stained 
red, often bright red, by a thin film of ferruginous stain, which is easily 
dissolved by acids. In the Tinnevelli district they owe their origin to the 
dense clouds of sand and dust blown by the south-west monsoon off the bare 
red soil plains towards the coast, where the wind meets the sea breeze, is 
checked, and the sand dropped to form the teris.^ 


In the extrapeninsular area we find recent and subrecent river gravels 
in every valley, but the more extensive accumulations, if we except the 
alluvium of the Irawadi river, are all found in rock bound basins of closed or 
arrested drainage, which have been formed by differential movements of the 
surface during the elevation of the hill ranges among which they are found. 

In the dry country west of the Indus there are extensive accumu- 
lations of recent deposits, of which only a small proportion can be regarded 
as alluvium in the true sense of the word. Beyond the frontier there are 
immense stretches of blown sand and loess in western BaluchistAn and 
Afghanistan, of which very little is known, but it is probable that they 

^ Newbold, Ray,. As, Soc.^ VIII, 268, ^ The principal accumulation of blown sand 

(1846). in India, that of the great Rdjputana Desert, 

® Memoirs, VI, 23$, (1869) * IX, 82,; (1872). will be described in the next chapter. 

8 Jour. Roy, As. Sac., VIII, 269, (1846). ! " » R. B. Foote, Memoirs, XX, 87, (1883). 
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are composed principally of the same types of accumulation as are seen in 
the smaller valley plains around Quetta. 

First among these, as being the oldest, is a series of usually more or les« 
bright red clays, sands and gravels which, in some of the publications of 
the Geological Survey,^ have been regarded as tertiary, and have been 
coloured as such on the accompanying geological map, but although it is 
possible that they may belong to the newest portion of that period, they 
are so intimately connected with the recent deposits that, as has already 
been noticed,^ it is more convenient to describe them in this place rather 
than in what might be regarded as their more proper place. These deposits 
are frequently undisturbed, especially towards the centre of the valley plains 
and are then difficult to distinguish from more recent deposits, except that the 
latter are seldom so deep a red in colour. More usually, how'ever, they 
have undergone some slight disturbance, which has enabled the drainage to 
cut into them and form an irregular surface dotted with small hills, devoid 
of soil or vegetation, owing to the saline nature of the clays and the steep, 
ness of their slopes. Towards the margins of the valleys where these 
deposits abut against the hills, they are sometimes tilted up at high angles 
of dip, as in the Mashdlak range west of Quetta. 

Though they occur in close proximity to typical Siwdliks, no actual con- 
tact section has yet been found, but there are certain indications that the 
red clays of the valleys are considerably newer than those of the Siw^ilik 
system, and it is certain that they w^ere deposited after the main features 
of the orography had been marked out by disturbance and erosion.^ 

The most important of the recent deposits of these plains are the 
extensive gravel slopes at the foot of the hills, and the loess. 

The great gravel slopes, or dhdman, wdiich every wdiere fringe the 
foot of the hills, and often reach a width of many miles in this compara- 
tively rainless country, form one of the most conspicuous features in the 
scenery of the more open parts of the hill country west of the Indus* 


it. 

Fig. 2i.—Diagram illustrating the theory of the harez. PP=== limit of permanent saturation of 

subsoil ; K,K«karez. 

They occur as great inosculating fans, spreading with a slope of 300 to 
600 feet per mile from the mouths of the stream valleys. It is into these 

® These valley deposits have not yet received 
the detailed attention they deserve. See 
Records, XXV, 36, (iSg 2 ) ; see also Memoirs, 
XVin,,i8(i88i); XX, U 5 , 


* C, L. Griesbacb, Me 7 noirs, XVHI, iS, 
(1881) ; W. T. Blanford, Memoirs, XXj U$, 
(1883). 
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fans that long underground tunnels, known as hares, are driven, 
with a slope less than that of the surface, till they pass below the level of 
permanent saturation) and, acting as a subsoil drain, carry the water out 
to the surface. 

The loess deposits consist of a fine grained, usually grey coloured and 
unstratified accumulation of wind blown dust, precisely similar to the great 
loess deposits of China, which have been described by the Baron von 
Richthoven. They vary in size from small patches of a few yards across 
to great plains like that of Thai Chotiall. In the Kachi, as the plain 
south of Sibi is called, the deposits of the plain appear to be principally 
wind blown loess, more or less mixed with true alluvium. 

Closely connected with the true loess is a more or less finely stratified 
type of deposit, which is formed in the low lying parts of the loess plain. 
After every heavy shower the drainage from the higher parts of the plain, 
as well as from the surrounding hills, collects in these depressions, whence 
it gradually disappears by percolation and evaporation. The water, when it 
first collects in these depressions, always carries a large amount of solid 
matter in suspension, which is deposited when it comes to rest, the coarser 
particles sinking first of all and the finer afterwards. By a repetition of 
these floods, a finely bedded accumulation of alternately finer and coarser 
grained material is formed, which presents a great similarity to a lacus- 
trine formation, though it was not deposited in a lake in the true sense of 
the word, but in mere temporary collections of flood water. 


On the great plains of Rawalpindi (known as the Potwar), Bannu, 
and Peshdwar, extensive deposits of gravel, sand, and silt exist. Little 
is known about the later deposits in the Peshawar and Bannu plains, 
but those of the Potwdr present some features of interest. The sur- 
face consists of a rather light brown alluvial clay, often containing 
kankar, and passing in places into fine silt. Beneath this alluvial de- 
posit there is a mass of gravels and sand, sometimes enclosing boulders 
of large size. The boulders are not, however, confined to the pebble » 
beds, many have been observed imbedded in fine silt, and this circum- 
stance, together with the great size of many of the blocks found, and the 
distance to which they have been transported, has induced several observ- 
ers to attribute the transport of the larger masses to ice, whether floating 
down a river or in a lake. It has been suggested that the Potwar 
may have been converted into a lacustrine basin in post-t ertiaiy times by 
the elevation of the Salt range and the ridges west of the Indus. Ihere 
is but little evidence in favour of this view, but still it is not impossible, 
for, although the pebble beds underlying the finer silt of the Soh^n valley 

For additional details concerning these al- 1 . 420, 140, 223; (1877), XlII, 221,(1880). 

luvia] deposits of the Potwdr, see Records^%^ [ 
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appear too coarse for lacustrine^ deposits, the silt may be, in part at least, 
a later deposit. 

'fhe posttertiary deposits arc quite unconforinable to the Siwalik 
rocks, which had been greatly disturbed and denuded l)efore the later 
becls were formecb These later beds them ‘•'elves, however, are occasionally 
found dipping at a considerable ' angle, doe, it is said, to original deposi- 
tion. 'I he pebble beds a:c found around R/twalpindi and in the neigh- 
bourhood of the Indus; they overlie the Rotds gorge near Jehlaiu, occur 
on some of the Sait range plateaux, and cap the mountain above Kibu 
bagli on the Indus* They arc found at a considerable elevatkui above the 
present river beds, some fragments of crystalline rocks in the neighbour- 
hood of the Indus, apparently brought down by the stream, luiving been 
observed 2,000 feet above the river* 

The large blocks attributed to ice flotation appear to have been derived 
from the Himalayas. They are abundant along the Indus as far up as 
Amb on the left bank of the river, in the gorge of the Siran and for sorru^ 
miles below Attock, around Jhaad about twenty miles farther south, and 
farther still to the southward near the village of 'Frap on the lower course 
of the biohin. Some of the blocks measure nearly 50 feet in giith and 
others are even larger. In places such blocks have been found 20 miles 
away from the banks of the Indus, 

The Indus, as is well known, is subject to extraordinary floods, due to 
a portion of the upper valley becoming blocked by landslips (or according 
to some by glaciers) and to the sudden destruction of the barriers thus 
formed. Such floods occurred in 1841 and 1858, and have doubtless taken 


place in past agesA In the flood of 1841 the waters of the Kdbul river 
were checked and forced backwards for twenty miles by the rise of the 
Indus, and Drew has shown that the lake in Gilgit, formed by the landslip 
in 1840.41, must have been 35 miles long and upwards of 300 feet deep. 
Enormous quantities of detritus must be carried down by the violent 
floods produced by the bursting of such barriers, and if, as appeals 
probable, the low temperature of the glacial epoch was felt in India, such 
lakes at an elevation of 5,000 or 6,000 feet above the sea would have been 
deeply frozen in winter, and large blocks from the river bed and dam might 
easily have been imbedded in the ice, glaciers also in the north-western 
Himalayas must have been more extensive than they now are. and the 
formation of lakes dammed up by glaciers was probably of more common 
occurrence than at the present day. Shaw^ has called attention to the 
occurrence of heaps of stone and gravel of all sizes brought 80 miles down 


^ For accounts of these floods, see Cunning- cially Drew. Jummoo and Kashmir Territories, 
ham’s Ladak, London, 1854; Montgomerie, London, 1875, p. 44* Numerous references to 
As. SrJC,Beng„ XXIX, 12^ Shaw, High other accounts are given by the last named 

Tartary, Yarkand, and Kashghar, London, 187 1, writer. 

p. 433, ^tc., and Appendix, p. 481 ; and espe- L c., ^ ^ ^ 
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the Sbdyak. one of the tributaries of the upper Indus in Ladakh, by blocks 
of ice, and a similar action on a larger scale on the Indus may easily have 
supplied the erratics of the upper Punjab. If the Potwdr was a lake, the 
dispersion of the erratic blocks is easily understood ; if not, the area over 
which the masses of rock arc found may be due to variations in the course 
of the Indus, and the reversed flow of its tributaries in great floods. 

In one locality near Fatelijang a number of land and fresh water shells 
were found in silt, apparently the same as that in which boulders are else- 
where imbedded. The species fo-und, including Lpnnea rufescens, Plan- 
or bis exiisttis, Paludina bengalensisy Byt Junta pulchella^ Melatiia tuber-- 
cvilata^ Bulimus insularis^ Opeas gracilis^ etc., are the same as are now 
common in the country, and it appears doubtful if they would have sur- 
vived any very great diminution of temperature. At the same time it is 
possible that the beds containing shells may be of later date than those 
with boulders- 


The recent and subrecent deposits in the Himalayas are represented 
by lacustrine deposits, moraines, talus accumulations, and more conspi- 
cuously, by the river gravels abundantly developed in nearly every valley^ 
as well as along the outer foot of the range. So far as these require notice 
in this work, they will be referred to in the chapter devoted to the Him^C- 
layan range, but there are three larger expanses of recent and subrecent 
deposits in Kashmir, Hundes and Nepdl which, being extensive enough 
to be depicted on the accompanying geological map of India, require some 
description of their principal characteristics. 

The alluvial basin of Kashmir has a length of about 84 miles with a 


breadth of some 20 to 25, and is in part occupied by low lying alluvial 
deposits, not much raised above the level of the Jehlam river, but prin- 
cipally by older deposits forming elevated plateaux on the borders of the 
alluvial plain and islands rising from it These elevated plateaux of 
alluvial and lacustrine deposits are locally known as Kareiva^ a name 
which has been adopted for the deposits of which they are formed. 

The Karewa deposits consist principally of sand and shingle, with 
some fine grained clayey silt towards the centre of the valley ; the beds are 
for the most part horizontal or slope with a gentle dip, which is probably 
merely the original slope of deposition, but near the flanks of the Pir 
Panjal they dip away from the hills at angles rising to 20®. 

The best published descriptions of these beds are those of Colonel 
Godwin-Austen ^ and Mr. Drew,^ by both of whom they are regarded as of 
lacustrine origin, an opinion also adopted by Mr, Lydekker^ but difficult 
, to accept in its entirety. It is vfery probable that som^e of the finely bedded 

^ Theobald, Records, X, 141, (1877). . . t * J^UTunoo and Kashmir Territories, p. 210, 

» Quart. jquK Gwl, Sec., XX, 383, J f ^ XXII, 72, (1883). 
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fine grained deposits described by Colonel Gochvin-Aiisten wen' ilrposited 
in 'Stili water, but the frequent alternations of beds cf shinole witli sand 
and the layers of lignite from one to three inclies In thickio^ss, In 

subaerial conditions of formation.^ Even the presence of true lariLstriiu* 
deposits does not prove that the whole of the Kashnifr lake Ixesiii was wi r 
occupied by a lake. This rock basin was probably gradually formed by a 
deformation of the eartlds crust, and the hollow so produced was liilod up 
almost, if not quite, as soon as formed. At the present day true lacuslriiu? 
deposits are being formed in those places 00 the northern limit of ilu; 
valley where, owing to a deficiency of deposition, hollows have liecn luft 
in which water has accumulated, and it is probable that t 1 u‘ coiuiitions 
have been much the same as at prcvscnl throughout the geologit'al history 
of the Kashmir valley, and that a minor area of true lacustrine deposits has 
been accompanied by a greater area where subacrial accumulation of sedi- 
ment has been in progress. 

It is possible that some of the older beds of the karewas may be con- 
temporaneous with part of the upper Siwiliks, but the only fossils yet 
found, besides undetermined fish scales and plant remains, have been land 
and fresh water shells, all apparently belonging to living species. 


The only other valley at all comparable with that of Kashmir is Nepdld 
The superficial differences correspond with those that mark the struc- 
tural characters of the two regions; both are longitudinal valleys, lying in 
the general strike of the strata, but the clear open oval area of Kashnur 
approximately coincides with the elliptical synclinal depression of the 
calcareous upper palaeozoic strata. Nepdl, on the contrary, is rather a 
group of confluent valleys, with high dividing spurs in both directions. On 
the prolongation of the strike of the rocks there is a continuation of the 
special excavation of the mountain zone, and the rocks of this zone, being 
prevailingly calcareous, has suggested the conjecture that the feature is 
primarily due to erosion by solution, as may also be the case wdth Kashmir. 
Another cause, however, and the proximate one of the formation of a lake- 
basin in Nepil, was probably, in part, a relative rise of the hills on {he 
south, for here also the bottom beds of the valley deposits have undergone 
local disturbance on this side. 

These deposits correspond very closely with those of Kashmir. There 
is no remnant of a lake, but the other features are alike. An extensive 
upland area, known as tdnr land, corresponds to the karema of Kashmir, 
and to the bkdngar of the Gangetic plains. It is the surface of the old 
deposits, no doubt considerably modified by waste in the central parts, 
and by rain wash accumulations near the hills. The streams flow at a 
depth of from 50 to 500 feet below this surface,; according to position, but 

14. B. Medheotti (1^75) 
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here, as in Kashmir, they are now, for the most part, subject to overflow, 
and thus form the alluvial valleys, known as kho/as, corresponding to the 
k/jdtiir land of the plains. Beds of serviceable peat, much used for brick 
and lime burning, occur at various levels in the valley deposits, and there 
is also a blue clay, extensively used for top dressing the fields, whose 
fertilising virtue seems to be due to the phosphate of iion (vivianite) 
freely scattered through it in blue specks. No fossil remains have as yet 
been found in any of these deposits. 

The subrecent deposits of Hiuides occupy an area of some 120 miles 
long by from 15 to 60 miles broad in the upper valley of the Sutlej, which 
now flows in a deep and narrow gorge, not much less than 3,000 feet deep, 
cut through the horizontal deposits it had formed at an earlier period of 
its history. 

Our knowledge of these beds is almost entirely dependent on the 
description of the two brothers Richard and Henry Strachey. It seems 
possible, from an observation of the latter of these, that the deposits are in 
part of lacustrine origin, for he mentions that, in the central part of the 
valley, the cliffs exhibit throughout their height a fine homogeneous clay, 
with but little gravel in it. There is some inherent probability in the sup- 
position that part of these deposits were formed in local accumulations of 
water, but there is nothing to show that the whole of them might not be of 
subaerial origin, as it is almost certain that the bulk of them might have been. 

But the chief interest of these deposits attaches to the mammalian 
fossils they coritain. These have long been known, though it was only 
within late years that their derivation from the horizontal gravels was 
definitely determined by Mr. C, L. Griesbach.^ The earlier specimens, 
brought across the frontier as curiosities by the Tibetan traders, had been 
regarded as tertiary by the late Dr. Falconer, who considered that the 
beds had undergone considerable elevation since thdir formation. A 
more recent revision of the fauna by Mr. Lydekker^ renders the reten- 
tion of this opinion, itself improbable on account of the horizontality of 
the deposits, impossible. With the exception of Hippotherium, which was 
determined by Mr. Waterhouse from specimens brought by Sir R. Strachey 
though it IS questionable w^hether the materials were sufficient for its 
determination, only living genera are known; of these Ovis (?); 

Capra^ and Equus are genera still living in the highlands of Tibet. 
Hymna is not at present known in Tibet, though there is no reason why 
it should not formerly have ranged into high altitudes, and, besides, the 
correctness of the determination is open to question. There remains the 
genus Rhinoceros^ which points to a warmer climate and a lower altitude 
than that in which the remains are found. It is, however, not impossible 

xai, 91, (1880), J 178, (18S1.) 
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for a RhinoceroSj especially one of small size, to have lived on the bushes 
which grow in the neighbourhood of many of the Tibetan rivers, while the 
doubtful evidence of this genus is more than outweighed hy the fnigmenl 
ui a skull figured by Royle/ which agrees so closely with that of PaniJmiof^s 
l:odgsotii that there can be little doubt of at least generic identity, and 
Paniholops is a genus peculiar to the most elevated and coldest portions of 
Tibet, it is consequently more probable, so far as the palseontoiogical 
evidence goes, that the subrecent deposits of Hundes were formed at or 
near the elevation at which they are now found than that they were formed 
at a much lower level and subsequently elevated without uiulergoing any 
disturbance. 

In the hills east of India there are some rock basins occupied by allu* 
vial deposits, of which the best known is that of Manipur. About 50 miles 
long by 20 broad, of an irregular shape, with many small bills rising like 
islands from the alluvial plain, it is not surprising that it should be gener- 
ally regarded as a filled in lake. There are, however, no real reasons for 
supposing that any large proportion of the valley was ever occupied by 
deep water. 'Fhere are no terraces round it such as would have resulted 
from the lowering of the outlet of the lake during the long period occu- 
pied by its filling up. The deposits are all of ordinary alluvial type, and 
the courses of the streams show that the present surface is the result of the 
gradual subaerial formation of an alluvial plain. The elevation of the sur- 
rounding hills is, geologically speaking, of comparatively recent date, prob- 
ably not dating further back than the latter portion of the tertiary period, 
and it is probable that the origin of the Manipur basin was gradual, and that 
the active erosion of the surrounding hills, due to abundant rainfall, caused 
it to be filled up as fast as it was formed, with the exception of insigni- 
ficant areas that partially escaped sedimentation, and were occupied by 
shallow lakes. 

The upper waters of the Chindwdn (Kyin-dwin) river drain a number 
of alluvium filled valleys, the largest of which, on the upper part of the 
Chindwin itself, is known as the Hukong valley, while, in the hills west of 
the Chindwin, there are the Kubo valley and those south of it. No details 
are at present known regarding these alluvial spreads of Upper Burma, as 
no detailed geological investigations have yet been possible, but in Low^er 
Burma more extended investigations have been made, and it is possible 
to distinguish posttertiary deposits of tw^o distinct periods. 

Along the margin of the Irawmdi and Sittaung alluvium, there is a 
broad, but interrupted, belt of undulating ground, clearly distinguished 

* Illustfations of the Botany, etc., of the I fig. t* The original specimen cannot now 
Himalaya Mountains. 4® London,, 183P, pi. I!L * be found. " s 
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from the flat alluvial plains near the river both by the greater inequality 
of its surface and by its more sandy cliaracter. This tract is locally 
kiio'^vn as Eng*dain; or the country of the Eng tree 
^rafidijlora), but the same name is naturally applied to the very similar 
sandy tracts occupied by the pliocene fossil wood group, so that the 
popular distinction does not preeisely coincide with the geological limits 
of the formation. 

The Eeg-dain tract is composed chiefly of gravel, derived in a large 
measure from the neighbouring hills, but partly from a distance. A por- 
tion of the deposits, like the bhdbar, iht edge of the Ganges valley, may 
simply be the detritus washed from the surface of the hills by rain and 
small streams to form a slope at the base of the range, but in Pegu, as 
in other countries with a heavy rainfall, this slope is inconsiderable, and a 
great portion of the alluvial gravels are simply stream and river deposits. 
Similar beds of sand and gravel are found in many places underlying the 
argillaceous delta deposits of the Irawadi, and are evidently of more 
ancient origin. 

Besides the fringe, of variable width, formed by the gravels along the 
edge of the older rocks, large tracts of the same older alluvial deposits are 
found in places isolated in the delta, occasionally forming ground raised 
to a considerable height above the flat country around. One such tract, 
about 20 miles long from north-east to south-west, by lo miles broad, 
occurs east of Nga-pu-tau and south of Bassein; another, of about the same 
dimensions, lies south-west of Rangoon, These areas may be ancient 
bhdngar deposits, or they may be caused by local upheaval. 

Except in the immediate vicinity of the river channel, there is no 
important expanse of alluvial deposits in the valleys of the Burmese rivers; 
the beds of all, immediately above their deltas, are formed in places by 
older rocks, and there is no such continuous alluvial plain as is found 
along the course of the Ganges and Indus. Small tracts of alluvium occur, 
as usual, every here and there, but the wide undulating plains in the 
neighbourhood of the river in Upper Burma are largely composed, not 
of river alluvium, but of the pliocene fossil wood deposits. 


Compared with the Gangetic and Tndus deltas, those of the Irawadi 
and other Burmese rivers coin^ey an idea of imperfection and backward- 
ness, as though the latter were of more modern growth than the former, 
and had made less progress towards the formation of a great fertile plain. 
The Salwiii cannot be said to have any delta at all, and in the Irawadi 
delta, as has already been mentioned, elevated tracts, both of rock and of 
the older alluvial deposits, occur in the Jtelghbourbood of the sea. Con- 
sidering The size of the riYer, the Si|t;aungdelta,ifthealluviaIpIainex- 
teiidingTo the north >vard beyond (Tonghoo) be included, is 
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proportionally more extensive than that of the Irawadi, bnt still the broad 
Gulf of Martaban extends into the very mouth of the Siilaiiiig riven 

The Irawadi delta extends from the Rangoon river to the Bassoiti 
river, and the head of the delta may be placed near Myanaiingd llie 
first important distribiitary~that forming the head of the Basseiii river— 
leaves the main river a little above HeiizAda, but water overflows in 
Hoods some miles above Myanauiig, and finds its way to the sea by the 
Myit-ma-kha Khyaimg, the origin of the Rangoon river. The various 
rivers and creeks of the Irawadi delta are said to be far less liable to 
change than those of the Ganges and Indus, but it must be remiembered 
that the authentic history of the latter rivers, and especially of the 
Indus, extends much farther back than does that of the Irawadi The 
general surface of the delta near the sea, with the exception of the 
liigher tracts already mentioned, differs but little in elevation from that 
■of the great Indian rivers and Mr. Theobald considers that at least 2,000 
square miles must be below the level of high spring tides. Large marshes, 
or jhils Burmese), are found occupying the depressions between 

the raised banks of the principal streams, and the whole region, especial- 
ly in the neighbourhood of the sea, consists of a network of the tidal creeks. 
Little appears to be known as to the progress of the delta seaward, 
judging by the contour of the coast, it would appear that the Irawadi, 
owing to its far greater size, and perhaps to the larger proportion of silt 
transported by its waters, had pushed its delta seaward far beyond the Sit- 
taung. The Salwfn traverses for the most part an area of hard metamor- 
phic rocks, and probably brings down but little detritus, so that the con- 
version of the Gulf of Martaban into land, if it is ever to be effected, must 
depend largely upon the deposits from the Irawadi. 

The alluvial plain and delta of the lower Irawadi consist mainly of 
a clay ^-very similar to that found in the Gangetic plain, but containing 
much less lime, and consequently poor in kankar. The colour is gene- 
rally yellowish brown, ‘ sometimes reddish, owing to the presence of 
peroxide of iron. The proportion of sand varies, and is greater on the 
whole than in the Gangetic alluvium. A few thin layers of sand occur 
interstratified with the clay, and a band of dark blue or carbonaceous 
clay, a few inches in thickness, has been noticed in several localities. 


* Mr. Theobald considers Min-gyi, 13 miles 
below Myanaung, the apex of the delta j and 
taking Puriam point, east of the Bassein river, 
and Elephant point, west of the Rangoon 
river, as the two lateral angles, he estimates 
the distances from Min-gyi to Elephant and 
Puriam points as 129 and 176 miles, respec- 
tively, the two points being 137 miles apart, 
--Records^ III, 21, 




3 Mr. Theobald considers this clay marine 
or estuarine, bnt no fossils have been found in 
it and his main arguments, founded on the 
similarity between the clays of the Irawadi 
and Gangetic deltas, are of course favourable 
to the fluviatile origin of the Irawadi clay, if 
that of the Ganges also of fresh water 
Bl, ijf (1S70). 
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The clay, in many places towards the head of ihe delta, is seen to rest 
tjpon pebbly sand, and the latter is frequently found beneath the clay in the 
delta itself, wells being sunk through the atgiliaceoias surface formation 
to the porous stratum beneath. In the absence of any borings, however, 
it is impossible to say what the nature of the beds at a depth below the 
surface may be, and it is not clear whether the sand is the underlying 
formation throughout, or whether it is merely intercalated between beds 
of clay. 

On the .surface of the clay, in the immediate neighbourhood of the 
river, deposits of silt and sand are found in some places, and resemble 
the kMdar deposits of the Ganges valley* No extensive area, however, 
is covered by these sandy beds. They form a narrow belt along the river 
channel above the influence of the tide, and occupy a rather larger area 
around Pantaiiau. The deposits of the Sittaung alluvial plain closely 
resemble those of the Irawadi* 
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THE IN DO-GANG ETIC PLA IN. 

Area and elevation —Fluviatile origm of the Gangetic p!aiit~”Snbrecent marine conditions w 
the Indus valley — Character of Indo-Gangetic alluvium— Fossils in the alluvium —General 
features of the Indo-Gangetic plain — The Brahmaputra valley — The delta of the Ganges 
and Brnhinaputra— The plains of tipper Bengal and the Niirth-West Provinces —A niltir or 
The Punjab—The lost river of the Indian desert— 'Pho lower Indus valley and 
delta— The Rann ol Cutch — 7 'he desert of western Rajputdna, 

The immense alluvial plain of the Ganges, Indus, and Brahmaputra 
rivers and their tributaries, the richest and most populous portion of India, 
covers an area of about 300,000 square miles, and forms approximately one 
fourth of the whole surface of British India, exclusive of Burma. The greater 
part of the provinces known as Assam, Bengal (including Behar), the North- 
West Provinces, Oudh, the Punjab and Sind, are included in the great plain 
which, varying in width from 90 to nearly 300 miles, entirely separates the 
geological region of peninsular India from the Himalayas to the north, the 
SuUirndn and Kirthar ranges to the west, and the hill regions of Assam, 
Tipperah, and Chittagong to the eastward. Owing to the varying extetu 
to which the surface is raised on the margins of the area by the detritus 
brought by rivers from the hills, and the gradation between the finer depo- 
sits of the plain and tlie coarser gravels forming the slope at the base 
of the Himalayas, it is difficult to estimate exactly the greatest height of the 
plain above the sea. The highest level recorded by the Great Trigono- 
metrical Survey between the Ganges and Indus, on the road from Sahi- 
ranpur to Ludhiina, is 9:24 feet,^ and this may be fairly taken as the 

1 The following elevations of localities in the 
Indo-Gangetic plain will afford some idea of 
the general height of the surface above the 
sea. The figures, except In the case of R 4 j- 
mahdl, are taken from the maps and published 
sections of the Great Trigonometrical Sur- 
vey, with a few' additions kindly furnished by 
the Surveyor General, Colonel Wtilker. At 
all the localities quoted the height is the 
approximate level of the plains — 
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summit level at the lowest part of the watershed between the Indus and the 
Ganges. There is no ridge of high ground between the Ganges and Indus 
drainage, and a very trifling change in the sui'face might at any time turn 
the affluents of one river into the other. It is reasonable to infer that 
such changes have taken place in past times, and that the occurrence of 
closely allied species of PlatanisU (a fresh water dolphin peculiar to the 
Indus, Ganges, and Brahmaputra) in the two rivers, and of many other 
animals common to both streams, may thus be explained. 

An idea once prevalent amongst both geologists and naturalists was, that 
the great Indian plain had been an arm of the sea in late geological times/ 
It is possible that this may have been the case, but there is absolutely no 
evidence whatever in favour of such a view, and some facts are opposed to 
it. On the southern flank of the Himalayas, no marine formations have been 
discovered of later date than eocene, and even these are unknown, except 
in one place east of the Ganges, between the spot where the Jumna leaves 
the Himalayas, and the Giro hillSj or throughout thirteen degrees of 
longitude, whilst the later tertiary formations, belonging to the Siwalik 
system, contain fresh water Reptilia Mollusc a ^ and not a single marine 

shell has been found in them. In Sind marine beds of miocene date are 
found, which become replaced by fresh water beds as they are traced up 
the Indus Valley, and in the Salt range the fresh water Siwiliks rest upon the 
nummulitic limestone. It is true that it is impossible to tell what beds 
may be concealed beneath the Indo-Gangetic alluvium, and marine strata 
may exist to an enormous extent without appearing at the surface. It is 
also unquestionable that the amount of information hitherto derived from 
borings is very small indeed, but so far as that information extends, 
and so far as the lower strata of the alluvial plain have been exposed in 
the beds of rivers, not a single occurrence of a marine shell has ever 
been observed, nor is there such a change in the deposits as would render 
it probable that the underlying strata are marine. As will be shown 


presently, the lowest deposits known in the plain itself are of postter™ 
liary age, and they are certainly fresh water, whilst the tertiary deposits 
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1 Hooker, Himalayan Journals, tst ed., London, 
1854, Ij p. 378; Theobald, Records^ Hi, 19, 
(1870). Mr. Theobald^s main argument, 
derived from the clay at Pattharghatta, near 
R^jmahil, has been shown by a re-examination 
of the locality to be untenable, the deposit in 
question being merely a surface wash, contain* 
ing fragments of bricks amongst other things 
{Memoirs^ XllI, 224, (1877). Dr. Falconer 
considered that the Indo-Gangetic area was 
formerly an arm of the sea, but that it had been 
-cohyerted into land before the Siwalik epoch, 
.-^P^l^soniologiGal Memoirs^ p 
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are chiefly known to occur o'n: the northern margin of the plain. The? 
older pliocene deposits of Feriin island in the Guit of Cambay how- 
ever, to the south of the alluvial area, and five species of nianiniais foiiml 
in them are also met with in the Siw Aliks at the !)ase of tht' I limal'iyas, 
so that there was probably land communication between the two areas. 

'1 he only evidence known in favour of marine conditions having prevailed 
during the deposition of any portion of the Gangetic aiiiiviiini is the occur- 
rence of brine springs at considerable depths in a few localities, Tliesc 
springs, however, are not numerous, and without additional evidence it is 
impossible to look upon them as proofs of marine deposits. At the same 
time it is by no means impossible that the sea occupie<l portions of Sind 
and Bengal long after the plaiii of upper India was dry land. With refer- 
ence to Bengal there is very little evidence. Mr. Fergusson, in a masterly 
essay on recent changes in the delta of the Ganges/ has brought forward 
a quantity of historical data tending to show that the whole Ganges valley 
was probably not habitable 5,000 years ago, and that the extension of 
human settlements to the eastward from the Punjab has been gradual 
'Ihe latter may be conceded, with the reservation that additional evidence 
as to the previous want of population is desirable. The Ganges valley 
5,000 years ago, like that of the BrAhmaputra valley at the present dayq may 
have been so swampy as to be ill suited for cultivation, and yet there is 
no reason for supposing that the area had recently been covered by the 
sea, for the state, of the surface may have been due to an amount of 
depression sufficient to render the area marshy, but not enough to cause 
it to be overflowed by the ocean. That depression has taken place in the 
delta is shown by the records of the Fort William (Calcutta) boreholey 
to be described presently, but the only known marine beds in the neighbour- 
hood of the Ganges delta, those at the foot of the GAro hills, are of tertiary 
age, and probably pliocene. 

In the Indus valley some evidence has been obtained of the sea having 
occupied part of the area in posttertiary East of the alluvial 

plain of the Indus near Umarkot is a tract of blown sand, the depressions in 
which are filled by salt lakes. These lakes are supplied by water trickling 
through the soil from large marshes and pools supplied by the flood waters 
of the rivers, and it is evident that the depressions amongst the sand 
hills are at a lower level than the alluvial plain, and that the salt is 

country, but it is at least as probable that the 
non-Aryan tribes were indigenous, and that 
the present Bengali race is due to an admix- 
ture of Aryan blood. The point is, whether 
Mr. Fergusson has not taken the south-eastern 
migration of the more civilised population 
amongst uncivilised tribes for the original 
peopling of thp Gangetic plain. 

® your,As,Soc^ Beng.f’KLVf pt. ii, 93? (^^7^) » 

X, tOf (iS77)‘ 


' Quart, ^our.. Geol. Soc.^ Xlli, 32I, (1863). 
There is one ethnological fact which Mr. Fer^ 
gusson has not noticed. The population of 
Bengal, as any one who has seen much of 
Indian races will probably admit, ia sho^vn By 
colour, physique, and habits of life to contain 
a large proportion of the non-Aryan races, 
the people of upper India, on the other hapd,. 
having a much larger Aryan element, TblB; 
mixed race > may have migtated 
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derived from the soil beneath the sand. To the southward is a great flat 
salt tract known as the Rann of Cutch, marshy in parts, dry in others, 
throughout the greater part of the year, but covered by water when the 
level of the sea is raised by the south-west monsoon blowing into the Gulf 
of Cutch and the old mouth of the Indus, and all water which runs off the 
land is thus ponded back. Fhe L.uni river, which flows into the Rann, is, 
except after rain, extremely salt, and salt is largely manulactured from the 
salt earth at Pachpadra, close to the Luni, more than loo miles from the 
edge of the Rann, and nearly 300 from the sea Both the present condition 
of the Rann and tradition point to the area having been covered by the sea 
in recent times, and having been filled up by deposits from the streams 
runnino- into it, while the occurrence in some of the salt lakes near Umar- 
kot, 150 miles from the sea, of an estuarine mollusc Potavndes (Pirenella) 
layardi, common in the salt lagoons and backwaters of the Indian coast, 
seems to indicate that these lakes were formerly in communication with the 
sea. The enormous quantity of blown sand, also, which covers the Indian 
desert, can only be satisfactorily explained by supposing that it was derived 
from a former coast line north of the Rann and east of the Indus valley.^ 
It appears probable that in posttertiary times an arm of the sea ex- 
tended up the Indus valley at least as far as the salt lakes now exist, or to 
the neighbourhood of Rohri, and probably farther, and also up the L-ini 
valley to the neighbourhood of Jodhpur, the Rann of Cutch being of course 
an inland sea. The country to the westward has been raised by the 
deposits of the Indus, and the salt lakes have been isolated by ridges of 


blown sand. 

It is true that along the western margin of the Indus alluvium later 
tertiary (Manchhar) rocks are found, containing remains of mammalia and 
precisely resembling the Siwdlik formation, and as there is nevertheless a 
probability that the lower Indus valley was an arm of the sea in postterti- 
ary times, it may fairly be argued that the sub HimdIayan SiwAliks arc no 
proof that the Ganges valley was not an inland sea at the same epoch. 
But in the Indus region the representatives of the Siwdliks pass down- 
wards into miocene marine beds, in lower Sind the Manchhar formation 
itself becomes interstratified with bands containing marine shells, and not 

very far to the westward, there is a very thick marine pliocene formation 
on the Baluchistan coast, so that there is evidence in abundance of the 
sea havinp' occupied portions of the area in later tertiary times, whilst 
there is no proof of any such marine conditions in the Ganges plain. 


The various deposits of the Indo-Gangetic plain® may be roughly classed 


> A description of this area will be found 
at the end of the present chapter. 

* The authorities for the following account 
are manuscript reports by Mr. 1 heobald on 
parts of the alluvial area in Beogol, Bthar, and )■' 


the North-Western Provinces, some extracts 
from which were published in Records, III, 17, 
(1870) ; Mediicott, Sketch of the (h-ology of 
the North-Western Provinces, Recot ds, VI, 9, 
(}873), and various papers referred to. 
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under two subdivisions, older and newer; the former consisting of beds 
which are undergoing denudation, whilst the latter form tlie newer 
accumulations, the flood and delta deposits now in process of formation. 
It i's difficult, if not impossible, to draw any distinct line of separation 
betwecii these two subdivisions, unless, as but rarely occurs, they contain 
fossils characteristic of their age, but, generally speaking, all the higher 
ground is composed of older deposits, whilst the newer alluvium is chiefly 
conflned to the neighbourhood of the river channels, except in the delta of 
the Ganges, and in the Brahmaputra plain. Still, there are large parts, both 
of the Indus and Ganges plains, which are flooded every season, and on 
these areas newer deposits are formed by the flood waters. Moreover, as 
the rivers co4istantly change their courses, they often sweep away deposits 
only a few years, or even a few months old. 

The prevailing formation throughout the Indo-Gangetic alluvial area is 
some form of clay, more or less sandy. The older deposits generally 
contain kankar, the newer deposits do not as a rule, but there are numer- 
ous exceptions in both cases. In the Indus valley the alluvial deposits are 
much more sandy than in the Ganges valley, and the surface of the ground 
is paler in colour, except where marshy conditions prevail. The deposits 
of the Brahmaputra valley in Assam are also sandy. In both these valleys 
the greater part of the area is occupied by the newer alluvial deposits 
whilst the greater portion of the Ganges plain, except towards the delta 
is composed of an older alluvial formation. 

The older alluvium is usually composed of massive clay beds of a rather 
pale, reddish brown colour, very often yellowish when recently exposed to 
the air, with more or less kankar disseminated throughout. In places, 
and especially in Bengal and Behar, pisolitic concretions of hydrated iron 
peroxide, from the size of a mustard seed to that of a pea, are disseminated 
through the clay ; occasionally these nodules attain larger dimensions, some 
being found near Dindjpur of the size of pigeons’ eggs. In places 
kankar forms compact beds of earthy limestone. Sand, gravels, and con- 
glomerates occur, but are, as a rule, ’subordinate, except on the edges 
of the valley, the quantity of sand in the clay decreasing gradually as the 
distance from the hills increases. Pebbles are scarce at a greater distance 
than from 20 to 30 miles from the hills bordering the plain. Beds of sand- 
stone, sufficiently compact for building, have occasionally been found, 
but are of rare occurrence. On the whole, there is no great differ- 
ence between the alluvial formations of the. Indo-Gangetic plain and those 
of the Narbada and Tdpti, except that the latter are rather darker in 
colour, and perhaps less sandy. , , 

The newer, alluvial deposits consist of coarse gravels hear the hills, and 
especially at^ the base of the Hmrdlayas, sandy clay and sand along the 
coarse of the rivers, and fine silt, consolidating Jnto clay in the delta and 
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in the flatter parts of the river plain, lii the Ganges delta beds of impure 
peat commcnly occur. Fresh water shells are of more frequent occur- 
rence in the newer forms of alluvium than in the older, tlie species being 
those now living in the rivers and marshes of the country. 

The only information of importance hitherto procured as to the nature 
and depth of the alluvial deposits beneath the surface is derived from 
five borings: one, 481 feet deep, at Fort William, Calcutta, within the 
delta and close to a tidal river ; the second at Umballa, 701 feet deep, at 
nearly the highest level of the plain away from the slope of detritus along 
the margin; the third, carried to a depth of 464 feet, at Sabzal-kot west 
of the Indus, about 21 miles west by north of Rdjanpur and about 400 
feet above sea level ; the fourth, at Agra, carried to a depth of 481 feet 
from a surface level of 553 feet above the sea ; and the fifth, and deepest, 
having a depth of 1,336 feet from a surface level of about 370 feet, at Luck- 
now. All these boreholes were made for the purpose of obtaining water. 

The Calcutta borehole is, with the exception of that at Lucknow, the most 
important, because it was carried down to a depth of about 460 feet below 
the mean sea level. The following account of the deposits passed through in 
the borehole is taken from the Abstract Report of the Proceedings of the 
Committee appointed to superintend the Bore Operations in Fort William 
from their commencement, December 1835, to their close in April 1840 — 

‘‘ After penetrating through the surface soil to a depth of about ten 
feet, a stratum of stiff blue clay, fifteen feet in thickness, was met with. 
Underlaying this was a light coloured sandy clay, which became gradually 
darker in colour from the admixture of vegetable matter, till it passed into 
abed of peat, at a distance of about thirty feet from the surface.^ Beds of 
clay and variegated sand intermixed with kankar, mica, and small pebbles, 
alternated to a depth of 120 feet, when the sand became loose and almost 
semi-fluid in its texture. At 152 feet the quicksand became darker in 
colour and coarser in grain, intermixed with red winter worn nodules of 
hydrated oxide of iron, resembling to a certain extent the laterite of South 
India. At 159 feet a stiff clay with yellow veins occurred, altering at 163 

almost certainly a misprint ; first, because 
Lieutenant Baird Smith mentions in his de- 
scription the occurrence of peat between 30 
and 50 feet from the surface, whereas from 
75 to 120 feet sandy clay is said to occur, 
and this agrees with his descriptive catalogue 
of the specimens extracted from the borehole, 
and with his figured section ; secondly, 
because, as will be shown hereafter, a bed of 
. peatjs found everywhere around Calcutta at 
a depth CJf 20 to 30 feet. r 


^ y( 7 Z£r, As. Soc,Beng,y IX, 086, (1840). See 
also an excellent account by Lieutenant (after- 
wards Colonel) R. Baird Smith, Calcutta Jour, 
Nat. IMsf.y I, 334, (1841) and Proc. Geol. 
Soc,, IV, 4, (1S42). From the latter the account 
in LyelFs Principles of Geology ” appears to 
be chiefly taken. Some additional details will be 
found in the Jour. As. Soc. Beng.^ II, 369, 649, 
(.833)r5V,33S. (1835): V. 374. (1836) ; VI, 
234. 321 . 498, 897, (1837); VII, 168, >4^, 
;(tS 38 )o ^ ■'/ 

Eip-litv feet in the oriprinaL but this is 
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feet remarkably in colour and substance, and becoming dark, friable, and 
apparently containing much vegetable and ferruginous malten A line 
sand succeeded at 170 feet, and this gradually becnne coarfer and mixed 
with fragments of quartz and felspar to a depth of i8o feet. At iy6 feet 
clay impregnated with iron was passed through, and at 221 feet sand 
recurred, cont'^ining fragments of limestone with nodules of kankar am! 
pieces of quartz and felspar; the same stratum continued to 340 feet, and 
at 350 feet a fossil bone, conjectured to be the humerus of a dog, was ex- 
tracted.^ At 360 feet a piece of supposed tortoise shell ® was found, and 
subsequently several pieces of the same .substance w'ere obtained. At 
372 feet another fossil bone was discovered, but it could not be identilird, 
from its being torn and broken by the borer. At 392 feet a few pieces of 
line coal, such as are found in the beds of mountain streams, with some 
fragments of decayed wood, were picked out of the sand, and at 400 feet a 
piece of limestone was brought up. From 400 to 481 feet tine sand, like 
that of the seashore, intermixed largely with shingle composed of fragments 
of primary rocks, quaitz, felspar, mica, slate, and limestone prevailed, 
and in this stratum the bore has been terminated.''^ 

The first and most important observation to be made on the foregoing 
facts is that no trace of marine deposits was detected, but on the contrary 
there appears every reason for believing that the beds traversed, from top 
to bottom of the borehole, had been deposited either by fresh water, or 
in the neighbourhood of an estuary. At a depth of 30 feet below the 
surface, or about lo feet below mean tide level, and again at 382 feet, 
beds of peat with wood were found, and in both cases there can be but 
little doubt that the deposits prove the existence of ancient land surfaces. 
The wood in the upper peat beds was examined by Dr. Wallich and found 
to be of two kinds, one of which was recognised as belonging to the siindri 
tree {Heritiera Uttoralis)^ which grows in abundance on the muddy flats 
of the Ganges delta, the other probably as the root of a climbing plant 
resembling Briedelia. Moreover, at considerable depths, bones of terres- 
trial mammals and fluviatile reptiles were found, but the only fragments of 
shells noticed, at 380 feet, are said to have been of fresh water species. 

The next noteworthy circumstance is the occurrence at a depth of 175 
to 185 feet, again at 300 to 325, and again throughout the lower 85 feet 
of the borehole, of pebbles in considerable quantities. The pebbles in 
the lower portion are especially mentioned as large, and their size is 
shown by the circumstance that they impeded the progress of the bore, 
and that it was necessary in several cases to break them up before they 

' A ruminant bone, according to D'r. FaJO" $oc^ S34, ,pl. xviii, (1S37); and 

oner; Lyell, Principles ot Geology, London; ed. Calcutta Jour, Nat Hist, I., pi. ix, (1841). 
1867, I, p. 479. The specimen cannot now be ® Figured Jour. As. Soc, Beng^y pk 

found. Figures of this bono are.' given," 'xx\,y md four, Nat Bistt I, pk ix. 
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could be extracted, so that it may be fairly inferred that they were at least 
two Of three inches across (the borehole was six inches in diameter). The 
greater part of the pebbles were clearly derived from gneissic rocks, but 
some fragments of coal and lignite which were obtained were perhaps 
from the Damuda series, though their composition indicates the probability 
that they were derived from the tertiary or cretaceous coal seams of the 
Assam hills4 

The peat bed, it may here be mentioned, is found in all excavations 
around Calcutta, at a depth varying from about 3o to about 30 feet, and 
the same stratum appears to extend over a large area in the neighbouring 
country.^ A peaty layer has been noticed at Port Canning on the Mutla 
(Miitlah), 35 miles to the south-east, and at Khuln^, in Jessor, 80 miles 
east by north, ahvays at such a depth below the present surface, as to be 
some feet beneath the present mean tide level. In many of the cases 
noticed, roots of the sundri tree were found in the peaty stratum. This 
tree grows a little above ordinary high water mark in ground liable to 
flooding, so that in every instance of the roots occurring below the mean 
tide level, there is conclusive evidence of depression. This evidence is 
conti rmed by the occurrence of pebbles, for it is extremely improbable 
that coarse gravel should have been deposited in water 80 fathoms deep, 
and large fragments could not have been brought to their present posi- 
tion unless the streams, which now traverse the country, had a greater 
fall formerly, or unless, which is perhaps more probable, rocky hills existed 
which have now been covered up by alluvial deposits. The coarse 
gravels and sands which form so considerable a proportion of the beds 
traversed can scarcely be deltaic accumulations, and it is therefore 
probable that when they were formed, the present site of Calcutta was 
near the margin of the alluvial plain, and it is quite possible that a portion 
of the Bay of Bengal was dry iand.^ 

At Lucknow the deepest of all the boreholes in the Gan ge tic alluvium 
was driven to a depth of 1,336 feet from the surface, or nearly 1,000 feet 
below sea level. The beds passed through from top to bottom were of the 
same character, alternations of sand and sandy silt, with occasional bands 
of kankar, and beyond the mention of coarse sand near the bottom of the 
borehole, there are no indications of an approach to the base of the alluvial 

^ In a boring recently sunk at Chanierna- ^ Baird Smith, Joui\ As. Soc. Beng., IX, 686, 
gore subangular gravel of* quartz and felspar (1840); H. F. Blanford, four. As. Soc, Beng., 
was met with at about 150 feet. The felspar XXXIII, 154, (1864). See also notices of earlier 
fragments were extremely abundant and cannot borings,yfi>z/f'. Soc, 369, 649, (1833). 

have travelled any great distance. This in- . ® But whilst the depression of nearly .^oo feet, 
dication of the vicinity of rocks exposed at the probably since tertiary times, is unmistakable 
surface is interesting in connection with the in the neighbourhood of Calcutta, the signs 
hypothesis of the recent origin of the outlet of oi elevation within the same epoch in Orissa, 
the Gs^nges into the Bay of o«ly too to 200 miles distant to the soiiUi-westt 

p, 443. ' ,, , are. equally fi|5?ti net. 
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deposits. Like all tlie other boreholes, it was sunk in searcB uf a supply of 
artesian water, and apart from its interest in showing the great thickness of 
the alluvial deposits, it is important as proving that artesian conditions do 
prevail under the Indo*Gangetic plain. After the surface water was shut 
out, a water-bearing stratum was struck at 158 feet, whose water stood 
at 61 feet from the top of the borehole ; at 190 feet another was met with, 
and the water stood at 42 feet, at 341 feet the water rose to 24 feet from 
the surface, at 750 feet to 13 feet, at 783 feet to 9 feet, at 975 feet to 2 feet 
from the top of the borehole. At 990 feet and 1,040 feet two water bear- 
ing strata were struck in which the pressure was less and the water sunk 
to 5 feel from the top of the boring, but at 1,141 feet it again rose to within 
18 inches of the top and at 1,189 feet a bed of quicksand was struck from 
which water flowed at the rate of 10 gallons per minute over the top of 
the casing, itself 24 feet above the mean level of the surrounding plaind 

There is very little of interest in the other three boreholes that have 
been sunk in the Gangetic alluvium, except in so far as they bear on the 
theory of the origin of the Himalayas, as will be mentioned in the sub- 
sequent chapter. 

The Agra borehole, sunk near the southern margin of the alluvium, is the 
only one which traversed its whole thickness to the supporting floor of rock. 
The total thickness of alluvial deposits passed through was only 481 feet, 
composed of sand and sandy clays with some kankar, the uppermost 150 
feet being apparently composed to a considerable extent of blown sand, as 
opposed to true alluvial deposits.^ 

Umballa is on the watershed of the Indo-Gangetic plain, between the 
Jumna, which flows into the Ganges, and the Sutlej, a tributary of the 
Indus. The locality is about 905 feet above the sea, and 20 miles from the 
base of the Himalayas. There is very little of interest in this borehole. 
The depth to which it was carried was insufficient tb test the thickness 
of the alluvial deposits, and it ceased 200 feet above the level of the sea. 
No mention is made of any organic remains being found, but their 
occurrence could not be anticipated, as they occur but rarely in the alluvial 
formations of the Gangetic plain.^ 

The borehole at Sabzabka-kot is only four miles from the base of the 
hills, and by far the greater portion of the beds traversed consist of sand 
and pebbles, clays being subordinate, although several beds were met with. 


The rarity of organic remains, especially in the older alluvial deposits, 
has already been referred to, but shells are occasionally found, belonging 
to species now' inhabiting the rivers and marshes of the country. An 
important discovery of mammalian remains was made about 1830 in some 


^ For a detailed account and section of this 

hofehole, see ^i^cords^ 


® For detailed section see XVIII 









? For detailed accounts, seeT. Login, Quart. 
Jaur. GcoL Soc., XXVHI, 198, (1B72). 
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calcareous'shoals of the Jumna.^ The bones were chiefly fotuid cemented 
together with substances of recent origin, such as fragments of weapons 
and boats, into a mass of concrete, chiefly formed of the kankar washed 
from the river’s bank, but in two cases the skeleton of an elephant was 
found preserved in the clay. In one instance, in which the bones were 
clearly in situ, they were found 4I feet above the highest flood mark, 
and 80 feet below the summit of the clay cliff formed by the river, and 
there appears no reason to doubt that all the specimens found were 
originally derived from the clay. The following species have been re- 
coo'iiised^ 


Semnopitheciis^ Sus,s^. 

Elephas namadicus. Bos {Btihalus" palceindictts, 

Mus, sp. Bos, sp. 

Hippopoia 7 nus (Tetraproiodon) Antilope, sp. 

palceindictis. Cervus, sp. 

Equus, sp. Fish and crocodile bones. 

Three of the species, all that have hitherto been specifically identified, 
are found in the Narbadd alluvium also, whilst the only genus not now 
found wild in India is Hippopotamus \ the species belong, however, to the 
same subgenus as the living African animal. The evidence is not 
sufficient to justify any decided conclusions, except that the Jumna clays 
must have been deposited in the same posttertiary epoch as the Narbada 
alluvium, but so far as the specific identifications go, they tend to indicate 
that the Jumna fossils are newer than the Narbadd remains, as the extinct 
type Hexaprotodon and the foreign form Bos namadicus have not been 
recognised amongst the former. 

Some bones were also found in the Betwd river in Bundelhkand and 
the Bugdoti between Mirzdpur and Chandr,® but they have not been 
identified. 


Before proceeding further a few words are requisite in explanation 
of a word wdiich it .will be found necessary to use occasionally in the 
following pages and of four Hindi terms applied in the Ganges valley to 
particular kinds of alluvial surface which require notice, because they will 
foe found freely used, and because, wdth perhaps one exception/ they have 
no precise equivalents in English. 

To Anglo-Indians it is quite unnecessary to explain the meaning of 
the term kankar^ but the explanation may be of some use to European 

* Sergeant E. Dean, Jour^ As,St}C..Beng,, iV, ' ^ "^onr. As, Soc, Beng,, IV, 571, (1835). 

261, (1835). See also Falconer, Quart, Jour, , ^ The exception is khddar, which corre- 

Geol, So£,, XXI, 377, (1865); Palaeontological , sfponds to the English word strath. The Eng- 
Memoirs, 11 , p. 640. , lish term is, however, local ; its exact meaning 

^ Several are figured, As,Soc,Beng»^ !L is far from commonly known, and it is only 

pL XXV, (1833) f and pi xxxiik (1835)., wntry. 
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students. The original signification of the word is gravel the term being 
applied to any small fragments of rock, whether rounded or not. By 
Anglo-Indians, however, the name has been especially used for concre- 
tionary carbonate of lime, occurring, usually as nodules, in the alluvial 
deposits of the country, and especially in the older of these formations. 
The commonest form consists of small nodules of irregular shape, from 
half an inch to three or four inches in diameter, composed of tolerably 
compact carbonate of lime within and of a mixture of carbonate of lime 
and clay without^ The more massive forms are a variety of calcareous 
tufa, which sometimes forms thick beds in the alluvium, and frequently 
tills cracks in the alluvial deposits, or in older rocks.^ In the beds 
of streams immense masses of calcareous tufa are often found forming 
the matrix of a conglomerate, of which the pebbles are derived from 
the rocks brought down by the stream. Tliere can be no doubt that 
the kankar nodules, calcareous beds, and veins are all deposited from water 
containing in solution carbonate of lime, derived either from the decomposi- 
tion of the debris of older rocks of various kinds, or else from fragments of 
limestone and other calcareous formations contained in the alluvium. 

Bhdhar is the slope of gravel along the foot of the Himalayas. Com- 
pared with the slopes in the dry regions of Central Asia, Tibet, Turkist^n, 
Persia, etc,, the gravel deposits at the foot of the great Indian ranges 
are insignificant, the difference in height between the top and bottom of 
the slope nowhere exceeding i,ooo feet. This difference is probably partly 
due to the much greater rainfall in India, and to streams being consequently 
able to carry away a much larger proportion of the detritus washed from the 
surface of the hills, partly also to the circumstance that the rocks in the 
lower regions of the hills are not subjected to the loosening effects of frost. 

Streams issuing from the Himalayan ranges lose a part, or the whole, 
of their water by percolation through the gravel in the bhdbar region. 

^ The following analyses will give a fair idea of the usual composition of nodular kankar: — 

[ I, Ghazipur, Prinsep, ScV^ III, 278, (1831); 2,3, 4* Uejoux, 

Cords, Vil, 123, (1874) j— 5, Barmuri 6, R^mnagar 7, Sanktoria, all near 
Riniganj, Tween, ibid ; — 8, 9, Sahdranpur, Thomson, Rurki Treatise on Civil 
Engineering, I, p. 115.] 
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the kankar in the Jumna alluvium ,' \ Roy, As, VHI, 258, (1846). 
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he whole tract in its original condition is covered with high forest, in 
■hich the sdl {Shorea robusta) prevails. At the base of the slope, much 





f the water which has percolated the gravel re-issues in the form of 
}rings; the ground is marshy, and high grass replaces the forest I'his 
act is the tardi, a term not unfrequently applied to the whole forest-clad 
.ope at the base of the Himalayas, known also as morun^ in Nepal. 


mwher 


Fig. 22. — Diagram illustrating the relations of Bhhhar and TarM, 

The alluvial plain itself, in the North-West Provinces especially, is com- 
osed of hhdngar or high land, the flat of older alluvium, now at a consid- 
rable elevation above the rivers which traverse it, and khddar or low 
ihd, the low plain through w^hich each river flow^s. The latter has 
Vidently been cut out from the former by the streams. It is of variable 
Hdth, and is annually flooded. 

In the upper provinces the high banks of the rivers are frequently 
Japped by the hills of blown sand, known in the North-West Provinces 
bhdr. This is the extreme form of a rather important element 
1 the formation of Indian river channels, and the same result in a less 

f iarked form may be traced in a rather sandy, raised bank, along the 
ppxse of many large rivers down to the limits of tidal action in the 
In the lower parts of the river plains this bank, which is above the 
ood level and is usually selected for village sites, intervenes between 
river channel proper and the marshy ground liable to annual floods 
On each side, the communication between the two latter being kept up by 
numerous creeks. The origin of bhur land, or raised bank, is the 
following. During many months of the year, and especially in the hot 
season, strong winds arise, frequently of a very local character, and some- 
times apparently almost confined to the river channels. Ihese, in the dry 
season, are plains of loose sand, often two or three miles across and some- 
times wider, of which the river usually occupies not more than a fourth. 
The wind on the Indus and Ganges frequently blows in nearly the same 
direction as the river channel. Such winds are especially prevalent about 
midday and in the afternoon, and their effect in transporting the sands of 
the river bed is so great that the atmosphere becomes too thick for 

I ct^ a few yards distant to be seen. All who have been in the habit of 
gating Indian rivers 
nsi They are so mar 
be river, it is ofte 
in the 
?^hen the pipiio] 
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raised by the wind fails again in the bed of the river, but qiiantitfes must 
fall upon the banks in the immediate neighbourhood, where the deposit is 
retained by vegetation and gradually consolidated into a firm bank. It 
is only \\ here the quantity of sand is greater that blown sand hills are 
formed. The original raising of the river bank to the ilood level is due to 
the deposition of silt in a manner which will be explained presently when 
treating of deltaic accumulations, but the elevation of the immediate 
neighbourhood of the river bed above the reach of the highest floods is 
due to the deposit of sand by the wind. 


To enter at length into the various peculiarities of land surface^ which 
are found in different parts of the great plain of northern India would be 
far beyond the scope of the present work. A brief account of the |)rincipal 
characters must suffice. The whole region may be roughly divided into 
five great tracts, each possessing marked peculiarities. These are, corn- 
mencing to the eastward : — - 

1. The Brahmaputra valley in Assam. 

2. The delta of the Ganges and Brahmaputra. 

3. The plains of upper Bengal and the North-West Provinces. 

4. The Punjab. 

5. The lower Indus valley and delta. 

The Assam valley is a gigantic khddar^ or strath, the greater portion 
being liable to flooding and consequently not in a habitable state. There, 
are, however, higher tracts here and there, sometimes mere mounds, 
rising a little above the general level, and sometimes small plains,^ which 
may be considered as representing the extensive bhdngar of the Gangetic 
plain. Along the foot of the hills are gravel deposits, but they do not 
appear to be very extensive. 

The quantity of silt carried down by the Brahmaputra is very great, 
far greater than in the Ganges. The comparative backwardness of the 
river valley, as shown by the small amount of habitable land, is sur- 
prising, since it is evident that the river is occupied in rapidly raising its 
plain by deposits of silt, and the necessary inference is that the alluvial 

don, i860, I, pt. ii j Falconer, Quarit four. 
Geol, Soc,y XXI, 372, (1B65) ; Login, Quarh 
your, GeoL Soc„ XXVIII, (1872); H. B. 
Madlicott, Records^ XIV, 20 $^ (iSSi) ; XVI, 
205, (1883) ; XVIU, 112, (1885). 

For the Punjab— Sketch of the Geology, 
Punjab GazeUmr, Pravincial volume, 1889, 


^ The following papers may be consulted for 
fuller accounts ; 

For Assam — Memoirs, IV, 437, (186$) *, VU, 
15s, (1869). 

For Lower Bengal and the delta — Mr. Feir- 
gusson’s paper, Quart, Jour. Geol, So€,, XIX, 
321, (1863); also Colebrooke, As. Res.f VI!, 
I, (1801) j and Rennell, Phil. Trans,, LXXI, 87,. 
(1781). 

For the plains of Upper India — RecQrd$ijVl, 


"'^Memoirs, IV, 438, (1865). One of these 
plains is described by Major God, win- Austen, 


9,(1873); Sir P. Cautley, Ganges Canal, Loi^- j As.Goc. Beng., XLIV, pt. 11,40, (1875) 
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plain of Assam, in its present form, is not only of later date than the 
Gangetic plain, but absolutely newer than many portions of the Ganges 
delta.^ The difference may be due to a depression of the lower part of 
the Brahmaputra valley in Assam, to an elevation of the delta, or to a 
great increase in the supply of water. The second theory is distinctly 
disproved by the general evidence of subsidence in the delta, and the 
third is improbable ; the evidence is therefore rather in favour of the 
Brahmaputra valley in Assam having been an area of subsidence in a 
relatively late geological period. As will be shown presently, there is 
some additional evidence in favour of this view within the delta itself. 


The limits of the delta, or the places where the rivers first bifurcate and 
commence to give off disturbances, are between Rdjmahdl and Murshiddbdd 
on the Ganges, and on the Brdhmaputra opposite the south-west corner of 
the G^ro hills. But for a considerable distance above the actual delta the 
rivers flow through a broad plain of low ground, a large area of which is 
liable to flooding, and consequently to the deposition of silt. The delta is, 
in fact, the natural continuation of the khddar, or alluvial flat in the upper 
portion of the river's course, and this khddar becomes broader before it 
expands into the delta. 

By far the best description of the Ganges delta, of the changes it is 
undergoing, and of the action of the rivers in raising the land by the 
deposition of silt, is that of Mr. Fergusson.® He ^s shown that rivers 
oscillate in curves, the extent of which is directly proportional to the 
quantity of water flowing down the channel. Thus, the oscillations of the 
Ganges where broadest (7,000 feet in the low season) between Monghyr and 
Rdjraahdl, average miles in length ; where it contains less w'ater, and is 
only half the breadth (3,500 feet), between Allahdbdd and Chandr, the 
oscillations are 37 miles long ; in the Bhdgirathf, where it averages 1,200 feet 
in breadth, the length of the oscillations is i *5 miles ; and in the Mdtdbhdngd, 
where only 500 feet broad, the length of each oscillation becomes only half a 
mile.* The next point which he notices is well known, the tendency of 
rivers to raise their banks, but the explanation is partly novel. When the 
whole country is covered with water, moving rapidly towards the sea in 
the river channels, and stationary throughout the intervening marshes, the 
dead water of the marshes prevents the floods of the rivers from break- 
ing out of the channels, and, by stopping the course of the silt charged 
water along the edges of the creeks and streams, forces it to deposit the 


^ For a full discussion see Fergusson, Quarts | h 4 ti to be only about loo feet above the 


your. GeoL Soc,, XIX, 330, (1863). It should, 
however, be noticed that Mr. Fergusson wasled, 
by. some published barometrical obs^fvatibiil 
now shown to have been insuficieE^f to suppose 
the level c 


sea, instead of 163, the maximum flood-level 
ce, , determined by the Great Trigonome- 
! iSiirVey. . * ' i’;; ; '■ 

G^oLSmjXlX, 32 i*‘S 4 .,(iS 6 $y 
Ge & i , XIX;. 324, (1863). 







GANGETIC DELTA. 


Oliap.XYIL] 


44 ^ 


sediment it lias in suspension. Hence gradually arises a system of river 
channels, traversing the country in many directions, between lianks whicdi 
are higher than tlie intervening flats, and these flats form persistent 
marshes, known in the Ganges delta as jhils or bhils} 

Each river frequently changes its precise course, the smallest alteration 
in its channel having an effect which is felt for many miles above and 
below. So that, just as the oscillations of a denuding stream produce 
a low alluvial flat between high banks, the curves of a ilepositi ng river 
gradually form a high alluvial flat, raised above the surrounding countiw. 
In course of time this raised tract is abandoned by the main river (or the 
lower ground at the side, and the river bed is either filled up by silt or, 
if near the sea, converted into a tidal creek. 

The present Bengal delta, therefore, comprises a large area in which 
the ground has been raised above the general flood level, through having 
been traversed by the main branches of the Ganges in past times. Such 
is the case in the country north of Calcutta. The eastern part of the 
delta is more backward, the marshes, or jhils, are more extensive, and the 
banks of the streams less consolidated, and this is now the great deposit- 
ing area. But large tracts of low country, such as the salt lake near 
Calcutta, are found in the western area also. The remarkable struggle 
which takes placebetween the Ganges and Brahmaputra, each tending, 
by raising the neighbourhood of its channel, to drive back the other, and 
to gain possession of a larger tract of delta, is most vividly told by 
Mr. Fergusson, .but is too long for extract here. Mr. Fergusson refers 
many of the more modern changes in the delta to the upheaval of the ele- 
vated tract known as the Mddhupur jungle, which had the effect of divert- 
ing the Brahmaputra to the eastward into the Sylliet jhils, where the silt of 
the river was deposited. The result was that scarcely any sediment found 
its way to the sea by the Meghni, the great estuary of all the Sylhet rivers, 
and hence the sea face of the delta to the eastward curves back in the form 
of a gulf. The gap was much greater at the commencement of the present 
century, but about that time the Brahmaputra having, by the deposit of silt, 
greatly raised the portion of the Sylhet jhils into which it flowed 
changed its course completely in the course of a few years, and instead 
of flowing to the east of the Mddhupur jungle, cut out a new channel to 
the west of the raised tract. Since its change, of course, the Brahmaputia 
has been brought much nearer. to the main stream of the Ganges, and 
the two rivers are now depositing silt so rapidly on the eastern sea facr: 
of the delta, that great changes are taking place, and new islands are 
rapidly forming, whilst the western portion of the deltaic coast line, 
through which but a small portion of the flood water of the great rivers 
finds its way to the sea, has un4|%^e but Jttle , change since it was 
first surveyed in the last century* ' _ -- ‘ 

’ '' the is lafer Bengali. 


442 


GEOLOGY OF INDIA — INDO-GANGETIC PLAIN, [OBapi X¥It 

In the sea outside the middle of the delta there is a singularly deep 
area, known and marked on charts as the “ Swatch of no ground/' in 
which the soundings, which are from 5 to 10 fathoms all around, change 
almost suddenly to 200 and even 300 fathoms. This remarkable depres- 
sion runs north and south, and has been referred to a local sinking, but 
it appears more probable, as has been shown by Mr. Fergusson, that the 
sediment is carried away from the spot, and deposition prevented, by the 
strong currents engendered by a meeting of the tides from the east and 
west coasts of the Bay of Bengal, Mr. Fergusson also shows that, so 
long as the Bay of Bengal has preserved its present form,^ the meeting of 
the tides must have favoured the formation of a spit of sand along the 
present position of the Sundarbans, as the lower portion of the Ganges 
delta is called, and that any great deposit of silt to seaward of the 
present line is impeded by the fine sediment being wa^shed away by the 
tidal currents, and deposited in the deeper parts of the Bay, 

In spite of all that has been written on this subject the origin of the 
swatch of no ground has by no means been cleared up. A very similar 
depression has been shown to exist in the bed of the shallow sea off the 
Indus delta and the cause in both cases has probably been the same, a 
combination of an excess of subsidence with a deficiency of sedimentation, 
the latter due to the action of surface currents in sweeping away the silt- 
laden waters. It is not in accordance with what we know to suppose that 
at such depths as we are there dealing with, there can be any currents of 
sufficient velocity to account for the depression by actual erosion. 


The chief point in the above theory to which exception might be taken 
is the question of whether the elevation of the Madhhupur jungle is suffi- 
ciently recent to account for the changes in the course of the Brahmaputra 
river. This tract of country is composed of a red, iron stained, clayey soil, 
in which accummulations of pisolitic concretions of oxide of iron are found 
and worked in places as an iron ore. The clay is of the same type pre- 
cisely as the older alluvium of the Brahmaputra and lower Ganges valleys. 
There seems little room for doubt that this is really a region of special ele- 
vation, for were we to suppose that it is part of the old surface of the delta, 
left standing at its former level while the surrounding area was depressed, 
the height of its ground level, w^hich rises to 106 feet above the general 
level of the delta outside the Mddhupur jungle, wmuld necessitate a much 
greater extension of the delta into the Bay of Bengal than there seems 
any ground for supposing to have ever been the case. The steeply scarped 
western face and the gentle fall to the level ofThe delta on the east show 


^ This is probably not so old as pliocene, 
because such gigantic disturbance has taken, 
place thiocghoui tie Assam bills and, 


since the close of the Siwdlik epoch, that 
the shape of the northern part of the Bay of 
^engal nnust have changed greatly. 
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that the elevated area must once have been more extensive than it now is 
and that the western half has been washed away by the rivers that iin* 
pinged upon it, while the deeply eroded undulating nature of its surface 
shows that it has been raised above the flood level of the rivers and so 
subject to denudation for too long a period to make it probable that 
the diversion of the Brahmaputra river to the east was entirely due its 
elevation. 

Whether the elevation of the Midhupur jungle was anterior to, or con- 
temporaneous with, the depression, which it is difficult to suppose has not 
taken place in the area occupied by the Sylbet jhils, it is impossible to 
say, but the latter -would in itself have been sufficient to account for the 
diversion of the Brahmaputra to the east of the Mddhupur jungle, and was 
probably its principal determining cause. 

An interesting point to determine in this connection is the date of 
origin of the delta of the Ganges. Reference has already been made to 
the fact that the plateau of the Assam range forms structurally part of 
the Peninsula of India, and to the presence of n.cks of peninsular type 
north of the Brahmaputra valley. Moreover, the upper tertiary deposits 
south of the Assam range differ from those at the foot of the Himalayas, 
so far as the latter are known, in being partly of marine origin, and as 
wdll be shown further on, the formation of the depression occupied by 
the Gangetic alluvium was most probably an integral part of the oper- 
ations which resulted in the elevation of the Himalayas. In the same 
way it is probable that the transverse depression, through which the Gan- 
getic drainage now finds its "way to the sea, may have been formed at the 
close of the tertiary period pari pasm with the elevation of the Tipperah 
hills. 

There is some direct evidence in favour of the more recent origin of 
the Gangetic outlet in the presence of closely allied species of dolphins 
in the Ganges and Indus rivers, of a very different generic type from the 
cetacean inhabiting the Irawadi. These two species must be descended 
from a common ancestor which acquired a fresh water habitat, and the 
differentiation of the Indus and Gangetic species have arisen from a sub- 
sequent separation of the drainage areas.^ The changes in the course of 
the drainage over what is now the watershed region, which will be referred 


i The occurrence of allied forms of porpoise 
or dolphin in the Ganges and Indus, and, the 
circumstance that the peculiar genus living in 
these rivers is unknown elsewhere (the ceta* 
cean inhabiting the Irawadi being of a very 
different generic type) have attracted the 
attention of naturalists already. The Ova and, 
young of fish are not difficult of transport^ and 
a very trifling accident might place a pool of 
water to which the fish of one riyeif have 


gained access in communication with the 
other stream. Crocodiles and river tortoises 
can live for a long time out of water, and have 
considerable powers of migration ou land, 
but dolphins are confined to the rivers, and 
could neither live in a shallow pool, nor 
traverse dry land. The existence, therefore, 
of closely allied species, doubtless derived 
from a common ancestor, in two distinct 
'rivers,’-f is a very striking fact. Mr, Murrayi 
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to further on, though they opened water communication between the Indus 
and Ganges rivers, probably did so only in the torrential region, which is 
not frequented by the dolphins, and the difference existing between the 
two species indicates a more prolonged separation than could have been 
the case had there been migration from one drainage area to the other, 
when they were put into communication with each other by the wanderings of 
the rivers near the present limits of the two drainage areas. We are conse- 
quently driven to suppose, either that the two closely allied species originated 
independently of each other, which is extremely improbable to say the least, 
or that the great bulk of the Himalayan drainage once found its way to the 
sea by a single delta, instead of two, and this must have been either at the 
head of the Arabian sea, or of the Bay of Bengal. The indications of the 
sea having extended up the Indus valley within the recent period, and the 
absence of any similar indications in the delta of the Ganges, make it 
probable that the former was the original outlet of the drainage, and that 
the formation of the gap between the Rdjmahal and Garo hills, and of 
the Gangetic delta, is geologically of recent date. 

On the western edge of the delta in Bengal there is a large area of 
older alluvium, whose surface is slightly undulating, evidently in conse- 
quence of denudation. This tract, which is continuous with the alluvial 
area of the east coast, comprises the greater portion of the country to the 
w^'estward of the Bhdgirdthi and Hughli, and probably owes its comparative 
elevation to the deposits from the Mor, Adjai, and Damodar rivers. 


The great plain of Northern India is the area of an alluvial deposit older 
than that of the delta, and the greater portion of the area is composed of 
land, through which the rivers cut their khddar valleys at depths 
of from 50 to 200 feet below the general level. The bhdngar surface, as 
a rule, is nearly flat, but is much cut up by ravines in the neighbourhood 
of the rivers. 

The question as to w^hetlier the great rivers are on the w^hole, raising their 


(Geographical Distribution of Mammals, 
p. 213) proposed an ingenious hypothesis to 
account for the phenomenon. He considered 
that the plain of upper India was once an 
arm of the sea, that it was cut off by the rise 
of the coast in Sind and Cutch, and gradually 
converted into a brackish, and then a fresh 
water lake, discharging itself by the Ganges,, 
that meantime the marine dolphins inhabiting 
the sea had gradually become adapted to the 
changed conditions, and 'had in fact becoifne : 
Flaianistm. He then supposes that .the 
Ganges off from ifie laheyHy;hich.*o'^^^| 

agaih, and' fhis,;;tiinf#_ 


Sea, the dolphins of the Ganges and Indus 
being specialised during the change. It would 
be unnecessary to refer to this hypothesis, which 
of course is little more than a suggestion, but 
for the large amount of support the idea has 
received from naturalists. It is of course 
foreign to the purpose of the present work to 
discuss the genesis of Platanista^ but, as will 
be shown, the geological phenomena of the 
Itido-Gangetic plain do not bear out Mr. 
■ Idurtay^s hypothesis^ which,' it should be stated* 
/was never proposed as a geological theory, but 
f as* illustrative , of the possible mode of 
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beds by a deposit of silt, or cutting their channels deeper, has been much 
discussed without leading to any definite conclusions. The abrupt scarps 
by which the hhdngar is not unfrequently terminated, and the defined 
limits of the hhddar^Q\^^x\y prove that the latter has been at some time or 
other an area of denudation, but it is not easy to tell whether, at the pre- 
sent time in any given stream, the tendency is to raise or lower the 
general khddar level. It is also by no means so evident, as might at 
first sight be supposed, whether the bhdngar land generally is an area of 
denudation or of deposition, although this can, as a rule, be easily seen 
in each particular area. Thus the minor hill streams from the lower ranges 
of the Himalayas between the Sutlej and Jumna must deposit sediment, for 
they cease within the area, whilst between the Jumna and the Ganges nu- 
merous streams rise in the bhdngar^ and they must be denuding agents. 
In the neighbourhood of the khddar^ bhdngar land is frequently cut into 
by ravines, which prove conclusively that the surface of the country is being 
washed away, but all such marks of rain action cease at no great distance 
from the low ground, and the principal secondary streams, instead of run- 
ning from the upland bhdngar hy the nearest route, at right angles, or 
nearly at right angles to the main river, usually pursue a nearly parallel 
course down the middle ol each dodb} or triangular area between two 
principal streams. 

As the velocity of the rivers where they leave the hills is much greater 
than in the alluvial plains, there must, so long as diminution takes place in 
velocity of the water when the river is carrying as much earthy matter as 
it can transport, be a continuous deposition of detritus, and a gradual 
raising ofthe area flooded by the stream. This is the case even in the larger 
rivers which carry a considerable body of water at ail times, while the 
effect of the small streams, which dry up more or less for a great^portion 
of the year, but are converted into muddy torrents charged with coarse 
sediment during the heavy rains of the summer monsoon, is necessarily to 
raise the surface of each dodh^ especially in the neighbourhood of the 
hills, and to produce floods from which finer sediment is deposited on the 
surface of the bhdngar land. Whether the addition thus produced is, on 
the whole, greater than the wasting of the surface from rain is a question 
which it is impossible to decide throughout a great part of the country. 

One question, which presents itself, is the necessity of accounting 
for the rivers now cutting their channels at a level considerably below 
that of the alluvial bhdngar flat, because this flat must, at all events 
in the neighbourhood of the khddar^ have been deposited by streams 
from the same drainage area, at a period when the main river ran 
at a comparatively higher level. The change may be due to a general 


^ A Persian word, meaning ^ two waters/ and 
applied to the eOnflaenCe of two’- rivers,' ' aii, 


well as to the land intervening between them. 
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elevation of the upper Gangetic plain, or to a depression in the deltaic 
region. Of the former there is no evidence, of the latter^ as shown by 
the result of the Calcutta borehole, there is ample proof, and it is there- 
fore quite possible that in early posttertiary times, when the animals 
lived, whose remains are found in the Jumna alluvium, the area of the 
Ganges delta had been raised to a considerably higher level than it occu- 
pies at the present time. Colonel Greenwood has shown^ that the deposit 
of silt in river valleys must take place backward, that the lowest portion 
of the slope must be first raised, and that the check thus given to the flow of 
water will cause silt to be deposited, so as to raise the alluvial plain further 
up the course of the river, and if no change of level takes place, the gra- 
dual elevation of the Ganges delta by silt deposit will ultimately react on 
the higher portions of the valley until the rivers once more deposit allu- 
vium on the high bhdngar land, provided always that this has not been 
raised so much as to render the slope too great for the rivers to be 
depositing agents. 

One point of interest has been explained by Mr. Fergusson in the 
paper so often mentioned. A glance at the map will show that the 
Ganges from Allah^bdd to Rijmahil, and the Jumna from Delhi to Alla- 
hdb^d, flow close to the southern margin of the great alluvial plain. This 
is due to the enormous quantity of silt brought down by the Himdlayan 
rivers, and the comparatively small supply furnished by those streams 
which debouch into the Ganges valley from the southward. The northern 
portion of the plain has consequently been raised, and the main drainage 
of the whole forced to find its way as close to the hills of the southern 
margin as it can. During this process the courses of the tributary rivers 
running from the northward have been driven westward, and the con- 
fluence of these tributaries with the main stream of the Ganges has been 
shifted upwards along the course of the main river, owing to the tendency 
of the streams to deposit silt in the neighbourhood of the delta. 

The bhdbar slope of gravel along the foot of the Himalayas, although 
evidently of comparatively recent formation, has frequently, to the east- 
ward, been cut into terraces by the streams from the hills.^ This is a 
necessary consequence of the streams cutting deeper channels in the rocks 
of the hilly ground. It is curious to note, however, that to the westward 
the bhdbar is being raised instead of being cut through by streams. It is 

^ Rain and Rivsrs, 2nd ed., London, 1866, 
pp. 173, etc. 

® Hooker, Himalayan Journals, ist ed., Lon- 
don, 1854, 1, p. 378 (larger edition). Dr. Hooker 
very naturally, writing forty years ago, when 
the study of river action was in its infancy, and 
when nearly all great deposits and all eJctensiy^ 
denudations were suppO;Sedto be marine, atfcri- 


Dutea tne gravel to a oeacti deposit, ana tne 
valleys to marine denudation. There has 
been since a great revolution in those por- 
tions of geological dynamics which treat of 
the action of rivers and the sea, and especially 
in the views held, by English geologists at 
least, on the comparative amount of work 
done by the two asrents, ' 



not known how far ibis difference is due to the greater rainfall to the 
eastward, and to the streams being consequently able to carry away the 
gravel as they cut down their bed in the rock, whereas weaker Htrearns are 
prevented from cutting back their channels by their inability to wash 
away the gravel they have,: already . deposited. There have doubtless 
been alterations of the gradients of the stream beds through recent 
upheaval or depression of the surface, and that these would have as rnucli 
influence on the present action of the streams where they cross the bhdhar 
zone as the rainfall. 

In connection with the surface of the upper provinces another peculiar 
local feature requires explanation. Many tracts of land in tlie Indo- 
Gangetic alluvial plain are rendered worthless for cultivation by am 
efflorescence of salt, known in the North-West Provinces as rc//, 
and further west as (kullar). The name usn}% meaning barren, is 
frequently applied to land thus affected. The salt varies in composition ; 
it consists chiefly of sulphate of soda mixed with more or less common 
salt and carbonate of soda; it is only found in the drier parts of the 
country, being unknown in damper regions, such as Bengal. 

The usar plains have existed for an unknown time. Where the reh 
or kalar is abundant, the water in the upper stratum is impregnated to 
an extent that is productive of serious injury to the health of the popula- 
tion. To a greater or less extent this pollution of the water near the 
surface is general throughout Upper India, yet sweet water is obtainable, 
in the worst reh tracts, at depths below 6o to 8o feet. 

It is consequently clear that the impregnation of the soil is superficial, 
and as the upper deposits are demonstrably of fresh water formation, they 
must originally have been comparatively free from impurities. Still all soils 
contain some salt, and all the water draining from soils is impregnated to 
a certain extent. Ihe salts forming reh or kalar appear to be the refuse 
products, and to consist of such substances, resulting from the various pro- 
cesses involved in the decomposition of rock, or of detritus derived from 
rock, and the formation of soil, as are not assimilated by plants. Unless 
these salts are removed they must accumulate, and the natural process of 
removal is evidently by rain water, percolating through the soil and carry- 
ing off any injurious excess of the rejected salts. If the amount of water be 
sufficient, and through drainage exists, there will be a constant dilation and 
renewal of the subsoil water, but if the water reaching the subsoil can only 
be dissipated by evaporation during the dry season, salts will accumulate in 
such subsoil water, and as this water is brought to the surface by capillary 
action, and evaporated, the salts held in solution will be left as an 
efflorescence on t}ie surface of the, ground* ^ ‘ _ 

That the comjposition of rek does not differ greatly from that of the 
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salts produced by the decomposition of such rocks as have contributed by 
their disintegration to the formation of the alluvial plains of Indlia, is shown 
by the composition of the river water ^ running from the Himalayas, the 
mountains from which the detritus, now forming the plains of India, was 
originally derived. 

In the case of Upper India it is easy to understand how the destruc- 
tion of the conditions necessary for cultivation has been established, 
and it is by no means improbable that a similar process has, in other 
parts of the world, changed countries, once fertile and populous, into 
barren deserts. The whole country is treeless. For a great part of the 
year a scorching sun and a parching wind dry up the moisture in the 
ground, rendering it hard and impervious to water. When the rains of the 
monsoon season fall, a large proportion of the water runs off the surface, 
and the earth is unable to absorb more than a portion of what remains. 
Thus a great part is evaporated without penetrating the ground. The little 
that does percolate through cracks, and in a zig*zag way, through the 
more porous layers to the upper water stratum, is no more than sufficient 
to replace what has been dissipated by evaporation, fed by capillary 
action. 


This more or less complete want of water circulation in the subsoil 
must have been gradually producing its effects in Upper India throughout 
many generations. The natural process is so slow that it would escape 
notice were it not that from time to time larger tracts of land become 
barren. A disturbing cause has, however, been introduced in the form 
of great irrigation canals. Their immediate effect is to raise the level 
of the teh polluted subsoil water, and thus to produce a great increase of 
evaporation, with the natural result of more reh being left on the siir« 



face, and more land being thrown out of cultivation. It is impossible 
to enter at length into the subject here, but it may be stated that, as all 
canal water contains salts in solution, whilst rain water contains none, the 
only change in conditions, so far as the concentration of salts in the soil is 
concerned, by the addition of canal irrigation, unless facilities for drainage 
of the subsoil water are also provided, must be the addition of all the 
refuse salts contained in the canal water to those which would be pro- 
duced on the surface by the simple action of rain and evaporation. 

South and west of Delhi and west of Agra, brine is obtained in places 
from wells in the alluvium. No particulars have been recorded which 

^ In several analyses of river and canal water 
from the Ganges and Jumna, the- proportfen 
of sulphate of soda varied from 0*0914 to 
0*4325 part in 10,000 ; chloride bf sodihm 
frbmi 0*002^3 to 0*15 part The 'prl>|»Wrloh;' of 


ih reh. See Sel, Ret, Q-o^Lf India y D, P. W.y 
No. XLII, p, 47, (1864). An able and de* 
.tailed account of the origin, composition and 
mp^eipf CQnceiit|rd.tis:»b Af, the reh salts^ by M,r, 
'wijl be found in RecardSi 
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explain the occurrence of salt in these localities. The case Ls similar 
to that already mentioned in the Puma valley in Berar. The distribu, 
tion of the salt producing ground appears irregular, and this is in favour 
of the salt being derived from springs in the rock bencmth the alluvium. 

The plains intersected by the five great rivers which combine to form 
the lower Indus are not, as a rule, simply divided into hhangar and khUiar 
like the plains of the North-West Provinces. Owing probably to the 
greater fall in the Punjab rivers, their deposits are very sandy, and this . 
character tends to diminish the pluvial denudation of the surface by allow- 
ing the water to sink into the soil. The action of winds upon the sand 
of the river, the formation of hMr land, and the elevation of the ground in 
the neighbourhood of the river banks above the intervening tracts, through 
the deposition of blown sand, are exhibited in the Punjab to a greater 
extent than in the Gangetic plain. 

To the south-east the limits of the Punjab alluvium are difficult to 
trace, owing to the manner in which both alluvium and rock are concealed 
by blown sand. The same is the case throughout the eastern margin of 
the Indus alluvial plain in Sind. ^ 

The ancient geography of the Punjab is far better known than that of 
most parts of India, partly because the civilisation of north-western India 
is older than that of other parts of the country, but still more because of 
the accurate descriptions given by Greek writers of the Indian campaigns 
of Alexander the Great. It is consequently possible to form some idea of 
the principal alterations which have taken place in the course of the last 
2,000 years, in the channels of the great Punjab rivers, but our best guide un- 
fortunately fails us at the most critical point. Alexander never penetrated 
to the eastward beyond the land of the five rivers, and there is but little 
except vague tradition to tell whetlier the present tributaries of the Indus 
have ever flowed into the Ganges, or those of the Ganges into the 
Indus. Yet it is certain that in no part of the great Indo-Gangetic plain 
have more important changes taken place since the dawn of history than 
in the neighbourhood of the watershed between the Indus and Ganges. 

fAn inspection of the map accompanying this chapter will show a 
dried up river channel, which can be traced from the neighbourhood of 
Sirs^ into connection with the eastern Narra in Sind, and local tradition 
states that this was formerly occupied by a flowing river. At present this 
channel is dry, except in its upper part, where it periodically carries, for 
a greater or less distance, the flood waters of the minor streams which 
drain the outer Himalayas between the Sutlej and the Jumna. The origin 
of the clianneB'is situated at the junction of the alluvial fans of the Sutlej 
and Jumna, as is shown by the course of the minor drainage channels, and 
there are abandonei^ riY’S? courses leading from it in the direction of the 
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debouchures of these two rivers froin the hills. There can be no room for 
doubt that, within the period known geologically as recent, this river 
channel carried a flowing stream to the sea, and there is some evidence, 
apart from oral tradition, to show that its drying up took place within the 
historical period^ 

^The Muhammadan historians of the eleventh and twelfth centuries 
uniformly speak of the combined Sutlej and Bias rivers, now known as 
the Garrah or Sutlej, as the Biyah, a nomenclature which is also employed 
in the Hindu annals of Jaisalmer. This retention of the name of the 
smaller of the two rivers for the combined waters, where there is no 
superior sanctity to recommend it, shows that the rivers must have received 
their actual names at a period when the Sutlej did not join the Bids, 
but pursued an independent course, and the subsequent abandonment of 
the illogical nomenclature may be held to show that the alteration of the 
course of the Sutlej which took it into the Bids did not take place much 
before the eleventh century. Previous to this change it doubtless flowed 
down what is now the dry river bed known as the Hdkra or Wandan, and 
there is some evidence, though far from conclusive, that it followed this 
course as late as the eleventh century of our era4 

(The traditions of the Hindus point to a time when a large and sacred 
river, known as the Saraswati and described as ^ chief and purest of rivers 
flowing from the mountains to the sea/ pursued its course through the 
eastern Punjab. The modern Saraswati is an insignificant stream fed by the 
j drainage of the outer hills alone, becoming nearly dry in the hot season and 
losing itself in the sands of the R^jputina desert. It is absurd to suppose 
that the language of the Vedas could have been applied, or that any con- 
ceivable alteration of the rainfall could have made it applicable, to the 
Saraswati of the present day^and the most reasonable explanation is, 
as suggested by Mr. Fergusson, that the Saraswati was in fact the Jumna, 
which, in the Vedic period, pursued a westerly course to the sea, probably 
down the dry river channel just referred to.^ It is certainly a suggestive 
fact in this connection, that when the Brihmaputra changed its course 
through Bengal about the commencement of the present century and flowed 
west of the Mldhupur jungle to join the Ganges, the new channel was named 
Jamuna, a word etymologically identical with Jumna. On similar principles 
the old Saraswati, when it broke eastwards to join the Ganges, may have 
assumed the name Jamuna or Jumna for its new course, and if this ex- 
planation be correct, the Hindu legend that the Saraswati joins the 
Gaines at Praylg or AlIahAbid, is unwittingly a true statement of fact.) 


This bring-inff of the cliangfe in the course of the Jumna river, which 
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has indubitably taken place, down to so recent a date is interesting, for the 
change must have occurred previous to the present distinction of kkadar and 
bhmigar, and if this distinction has been produced since the Aryan invasion 
the question naturally arises whether it may be due, not to movements of 
elevation or depression, but to the clearing of the land from forest, and the 
extension cf cultivation in the plains, and more especially in the bills, 
which, by allowing the rain to flow more quickly oil the surface, would in" 
crease the erosive power of the rivers when in flood, and cause them to cut 
down their channels into the plains over which they formerly flowed. 

The surface of the Indus alluvium in upper Sind differs but little from 
that of the Punjab, a considerable portion of the area is annually flooded, 
and the whole drainage of a great river being here, as in Assam, confined 
to a comparatively narrow tract, some permanent marshes of large size exist. 
The two most important marshy tracts are along the western edge of the 
valley from near Jacobabdd to the Manchliar lake near Sehwan, and along the 
eastern edge from Khairpur to below Umarkot, The latter is the channel 
considered by some the ancient course of the Sutlej. In the neighbour- 
hood of the Indus the ground is rather higher, having evidently been 
raised by the deposit of silt, aided doubtless by the action of the wind on 
the sands of the river bed. 

Along the edge of the Kirthar range, west of Sind, there is a well 
marked bhdbar slope of gravel, but the breadth seldom exceeds one to 
twm miles except where rivers run out of the range. This gravel slope 
is absolutely barren, and, like other features in Sind geology, is more 
conspicuous on account of its barrenness. 

There is one singular feature in the Indus valley to which nothing 
parallel is to be found in the.Gangetic area. The river between Sukkur 
and Rohri has cut its way through a low range of limestone hills, surround- 
ed on all sides by alluvial deposits. The eastern Narra, fed by the flood 
waters of the Indus, traverses an alluvial tract eastward of the hills. In 
fact, the circumstance that the flood waters of the Indus, both to the east 
and west, traverse plains at a lower level than the river bed, is shown 
by the course of the canals, and great fears have been entertained that 
the Indus may desert its present channel and break out to the westward, 
through the plain in which Jacob^bid is built, into the line of marshes 
already mentioned. The curious features of the tract are not even con- 
fined to the present river course, forat Aror, four miles south-east of Rohri^ 
there is another gap in the limestone range, said, on what is believed to 
be good historical evidence, to have been the bed of the river rather more 
than nine centuries ago.^ At that time the main stream is supposed to have 

^ Cunningham, Ancient Geography of India, London, 1871, 1 , pp. 257J 264, etc. 

a G 


45 ^ 


GEOLOGY OF INDIA— INDO-GANGE'l IC PLAIN* [ 01ia|). 

traversed Si nd considerably to the east of its present course ; it passed by the 
old city of Brdlimandbdd, and then probably ran southward by the Puran, an 
old river bed still existing, to the Kori creek, which was the principal mouth 
of the river. The Indus is said to have deserted its old bed at Aror for 
its present channel between Sukkur and Rohri, in consequence of an 
earthquake about A D. 962, and as Brdhmanabdd was also, in all probability 
destroyed by an earthquakel at some period prior to A.D. 1020, it is not im- 
possible that the two events were due to the same cause. The Indus is said 
to have deserted Brdhmanibdd at the time when the city was destroyed. All 
the details preserved, however, are so much mixed up with mythical inci- 
dents that but little dependence can be placed upon them, and nearly all 
the circumstances mentioned are more or less open to dispute. It is 
questioned, for instance, whether Aror was ever situated on the Indus, 
and it is contended that Bukkur, a fortress on an island in the river oppo- 
site Rohri and consequently in the channel now cut through the limestone 
range, existed before the ninth century. Certainly, the channel through 
the hills at Aror is very narrow, and it is possible that it was never tra- 
versed by the main stream of the river, though the configuration of the 
ground supports the hypothesis that some stream has cut through the hills 
at the spot. Again, it is contended that Sehwan, the ancient Sindomana, 
was always on the Indus, and that consequently the main stream of the 
river must have run in ancient times where it flows now. But, on the other 
hand, Alexander is said to have left the river, and marched to the neighbour- 
hood of Ldrkhdna, and thence to Sehwan, from which place he marched 
back to the river.^^^ It may be fairly concluded that important changes 
have taken place in the course of the river, without feeling certain that 
the precise nature of these changes has been correctly ascertained. 


The accumulation of fluviatile deposits in the Indus plain, and the 
consequent elevation of the surface, is well seen in the neighbourhood of 
Umarkot, where, as has already been mentioned, the flood water from the 
Narra trickles through the sand hills forming the limit of the Indus allu- 
vium, and fills large hollows between the ridges of sand. The level of 
the bottom of these hollows must have been, in all probability, at least as 
high as the general surface of the Indus plain at no distant date. 

During the floods, water leaves the Indus, and its tributary the Sutlej, 
as far up as Babawalpur, and flows southward by the eastern Narra, which 
must be regarded as a distributary, although its waters now seldom reach 
the sea. The true head of the delta, however, is generally considered to 


^ Bellasis, Jour. Bombay Br. Boy, As, Soc.j 
V, 413, 467, (1853). There is some doubt 
regarding the exact position of Brdhmandbdd. 
According to General Haig the ruins usually, 
known by that name are those oj: Mansurab, 


while he places the real Brdhmandbad some 
seven miles to the north-east at a place now 
known as Depar, Jotir. Roy, As. Soc., now 

series, 281, (1884). 

* Arrian ; “ Anabasis^ VI, 16, 
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b'e a little above Haidarabad, where the Phuleli stream leaves the river.^ 
The channels of the delta frequently change, more frequent])’- perhaps 
than in the case of the Ganges. The sea face is, in all probability, dt:ter“ 

; mined by marine currents, and it is improbable that any great change is 

J likely to take place through the deposit of sediment. 

^ The eastern part of the Indus delta now receives but little water from 

? tlie river. It is said that a large area of country in the neighbourhood of 

f the Kori mouth was depressed during the earthquake of 1819/ and that 

; the great size of the Kori creek is due to the depression, A very large 

area north-west of the Kori creek is covered with salt, sometimes a foot 
or even more in thickness, deposited from sea water. 

In the neighbourhood of the sea the soil is usually argillaceous and 
i firm, but in the upper part of the delta the whole surface is composed 

of loose micaceous sand with but little clay, and the rivers consequently 
I have unusual facilities for changing their channels. The littoral portion 

[ of the delta is so low that a broad tract of country is always overflowed at 

' tides, whilst the bottom of the sea in the neighbourhood of the coast 


is so shallow, and the slope outwards so gradual, that large vessels cannot, 
in many places, come within sight of the land. A tract of country of variable 
width, but in places several miles broad, along the sea face of the delta, is 
annually flooded by the rise of the river, the water being kept higher than 
it w’ould otherwise be by the influence of the south-west monsoon. 

Reference has already been made to the Rann of Cutch, and it was 
pointed out that this tract of country is evidently an old marine gulf now 
silted up. A brief description of the area axid its peculiarities may, 
however, be well added to theaccouir. of the Indus delta, wdiichit adjoins 
to the eastward. 

The Rann^ consists of an immense marshy salt plain, scarcely above the 
sea level and stretching for 200 miles from east to west, and in places 


* A very good description of the Indus delta 
has been given by Lieutenant T. G. Carles^, 
Jour. Roy. Geog, Soc.j VIII, 328, (1838), re- 
printed in Sel. Rec. Bombay Gonit,^ XVII, 461- 
500, (1855). See also a memoir by Assistant 
Surjreon J. F. Heddie, {ibid, p. 403), For the 
ancient clianges in the delta of the Indus see 
also Cunningham, Ancient Geography of 
India, p. 283, etc. 

2 It is stated by Carless, Jour. Roy. Ge^^g. 

Vill, 366, (1838), that tie alluvial form- 
ations exposed on the bank of the Kori creek 
opposite Kotasir are, with the exception of 
the uppermost layers, broken up in confused 
masses, and inclined to the horizon at an angle 
of 30 or 40 degrees. The disturbance is attri- 


buted to the earthquake. It would be well 
however, that the spot should be examined by 
an experienced geologist, as the vagaries of 
false bedding (or oblique lamination) in 
sands and silts deposited by the strong 
currents of an estuary, are very likely to 
mislead any one unaccustomed to the peculiar 
appearance of these deposits. 

® For a fuller description of the portion north 
of Cutch by Mr. Wynne see Memoirs, IX » 
14, (1872). See also Burnes, Travels in 
Bokhara, 2nd ed., London, 1835, b P- 3 ^^ ’ 

, Grant, Geoi. Trans.f 2nd series, V, 3 i8j 
( 1840) ; Frere, Jour. Roy. Geog. Sov., XL . 
181, {1870); Rogers, Qmrt.Jour. Goal. Soc 
1 XXVI, 118,(1870). 
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nearly loo from north to south. From the south-eastern extremity a low 
alluvial tract, dividing Ahmaddbid from Kdthidwdr, and including an ex- 
tensive brackish water marsh called the Nal, connects the Rann with the 
head of the Gulf of Cambay. A very trifling depression, probably not 
amounting to 50 feet, would convert Kdthidwdr into an island, and even a 
smaller amount of sinking ivould suffice to isolate Cutch completely; 
indeed, it is now an island during the prevalence of the south-^^est mon- 
soon, when the sea, raised by the wind, dams back the water brought into 
the Rann by the various rivers which drain into the flat from Rdjputana, 
Gujardt, and Cutch, in the same manner as the level of the creeks is raised 
in the Indus delta. At this time portions of the Rann are seven feet under 
water, but the average depth does not exceed five feet. The inundation 
lasts from July to the end of November, and portions of the surface, espe- 
cially a tract to the westward near Sindri, depressed by the earthquake of 
1819, are constantly covered with water. Below this water there is, in 
places, a bed of salt, sometimes as much as three or four feet in thickness. 

There can be little doubt that the Rann was a gulf of the sea within 
recent times. Not only do the traditions of the country all agree with 
this view,^ but the present condition of the surface, an immense flat of 
sandy mud, can only be explained by supposing that the tract is the site of 
an inlet, now silted up. The barren condition of the surface is due to 
flooding by salt water at one season, and hot dry weather at other times ; 
the soil is consequently too salt to support even the vegetation, such 
as mangroves, which will grow in ordinary sea water. Unless further 
depression takes place, the surface must be gradually raised by the silt 
brought in by rivers, and the tracts which support vegetation must extend. 

The depression of an area of 2,000 square miles around the fort of Sindri 


in the western part of the Rann, at the time of great earthquake of 1819, has 
been described so often, ^ that it appears unnecessary to repeat the account 
here. In this case the circumstance which enabled the changes of level 
to be accurately estimated was the fact that the whole of the tract affected 
was very nearly at the sea level, and so close to the sea that it was 


® There is some historical evidence also. 
When Alexander the Great sailed down the 
Indus he passed through the great eastern 
branch, then the main stream of the river, but 
now dry, to the Kori mouth. Near this mouth 
he came to a great lake (Arrian : “ Anabasis/’ 
VI, 20). Mention is also made of a great lake- 
like expanse of water in this direction by some 
Mahomedan historians. Sir B. Frere, also 


No mention of any sea north of Cutch appears 
to have been made by the Chinese travellers 
of the seventh century ; Cunningham, Ancient 
Geography of India, I, p, 302, 

* An account is given in LyelPs Principles, 
ed. i868, n, pp. 97-104, and has been copied 
into many text-books. For a very full descrip- 
tion by Mr. Wynne see Memoirs, IX, 29-47, 
{1S72). Mr. Wynne doubts whether the Allah 
Bund was really raised, and suggests, with 


states on apparently good traditional evidence, Bund was really raised, and suggests, with 
that Virawah, in Nagar Pdrkar, north-east ot ; probability, that the appearance o£ ele- 

the Rann, was a seaport from 500 to 800 years : vatios Was due to the depression of the ground 
Jour, , Jfrjy. Gtol, Sac;, XL, 1$$, 'r isfMsd Sinshi, south of the Allah Bund. 
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flooded immediately. A further depression is said to have taken place 
ill 1845 same neighbourhood.^ 

At first the effect of the depression in 1819 was to produce a great sheet 
of water, navigable by boats of some size, but this has gradually silted 
up, and Mr. Wynne, on visiting the ruins of Sindri in January 1869, found 
that the greater portion had been filled up to nearly the level of the Rann, 
and that but a small shallow pool remained around Sindri itself. 


Though not, strictly speaking, part of the Indo^Gangetic alluvial plain, 
this will be the best place to notice that great accumulation of blown sand, 
in the tract between the Indus and the Ardvallis, which is known as the 
Indian desert. The name implies a greater degree of barrenness and soli- 
tude than is actually the case. Shrubs and grass tufts are scattered thinly 
over nearly the whole area, small trees are not infrequently met with, and it 
supports large numbers of sheep and cattle, and a hardy population, civilised 
enough to build cities and palaces and wells of hundreds of feet in depth. 

Over the whole of this area sand hills are scattered more or less thickly, 
but the great accumulation of blown sand forms a strip along the north of 
the Rann of Catch, from which two arms run, one northwards by Umarkot 
and then turning north-east and running north of Jaisalmer to Bikaner ; 
the other running north-eastwards between Bdlmer and Jodhpur and co- 
alescing with the first about Bikaner. The central area of Jaisalmer, 
Balmer and Pokaran is rocky, with comparatively few and scattered sand 


bills. 

The sand hills are of two types. One of these, admirably delineated 
in the Trigonometrical Survey maps, is of the ordinary type of sand 
dune. Its longer axis is at right angles to the prevailing direction of 
the wind, and it presents a long gently sloping face to windwards, up 
which the sand grains are driven, and a steep face to leeward, down 
which they roll, whose slope coincides with the angle of repose of the dry 


sand. 

The other type is one which is not noticed in the text- books. It is very 
largely developed in the Thar district of Sind to the north of the Rann of 
Cutch, and appears, equally with the first type, to owe it sform to the 


^ Nelson, Quart. Jour, GeoL Soc., II, 103, 
(1846), Before quitting the subject of the great 
alluvial region of Northern India, it may be as 
well to point out that by far the greater portion 
of the earthquakes, and especially of the more 
severe shocks felt in India, occur in the immedi- 
ate neighbourhood of the Indo-Gangetic plain, 
and especially near the deltas of the great rivers. 
The earthquakes are, as a rule, felt much more 


severely on the rocky ground around the allu- 
vial plain, than in the plain itself. When 
depression takes place, as in the case of Sindri 
in the Rann, the shock may be hut slightly 
felt at the locality principally affected, although 
towns in Cutch, on rocky ground, at a distance 
of several miles, are thrown down ; but this 
is in accordance with experience elsewhere. 
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prevailing winds. Throughont tbe area inentioned, the sand is heaped into 



^Bg^eliora 


Fig. 23. «“ Sand bills of the transverse type ; after the Topographical Survey of Rajputana, 

long narrow rldgeSj running about nortli-east and south-west to north 
north-east and south south-west^ with a steep slope on either side, tbe 
crest gradually rising in height to the north-eastern extremity, which is 





Fig, 24. — Sand hilis of the longitudinal type; after the Sind Revenue Survey. 

usually the highest point of the ridge, and beyond this is a steep slope 
downwards, coinciding with the angle of repose of the sand. 

The mode of formation of this type , df sand hill is not very easy to 


SAND HILLS OF THE INDIAN DESERT. 


457 


Oiiap. XVIL ] 

explain, but from the fact that, where the two types are found together, the 
longer axis of the one is at right angles to that of the other, we may con- 
clude that in both cases the form is decided by the direction and force of 
the wind, the longer axis being parallel in one case, and in the other trans- 
verse, to its prevailing direction. The steep slope of repose at the northern 
end of these sand hills shows that they are formed of sand grains which 
are driven along the surface of the ground by the wind, and not of those 
light enough to be carried in suspension, so that no theory of accamulation 
under the lee of bushes, will account for the facts, and we must look else- 
where for an explanation. If one of the transverse type of sand hills 
be examined, it will be seen that the windward slope is by no means a 
uniform plane, but is composed of long narrow ridges, parallel to the 
direction of the wind, with intervening depressions, probably kept open 
by a concentration of the wind in them and a consequent increase of 
transporting power, if not an actual development of power of erosion. It 
seems probable that the longitudinal type of sand hill is due to an ex- 
aggeration of this effect, by which the depressions, instead of being com- 
paratively shallow, and causing mere saddles in the general ridge, are 
carried almost, if not quite, to the base of the accumulation. However this 
may be, the restriction of the longitudinal type of sand hill to the seaward 
and western margins of the desert appears to show that they are connected 
with a greater wind force than the transverse type. 

The height of these sand hills is considerable. They frequently exceed 
100 feet, ranging to 200 feet, and, according to SirBartle Frere, 400 10500 
feet in the southern part of the' desert. The size of these sand hills and 
the area they cover imply an accumulation of blown sand which it is not 
easy to account for. 

it appears difficult to believe that all the sand found in the desert can 
have been derived from the Indus. The surface of the Rann at present is 
too muddy to furnish any large supply. The sand consists of well rounded 
quartz grains, mixed with smaller quantities of felspar and hornblende, and 
is uadistinguishable from the sand of the sea coast except that the grains are 
better rounded, as is always the case with wind blown sand. That found 
in the bed of the Indus is also very similar in character. The most probable 
theory appears to be that the Rann of Cutch and the lower portion of the 
Indus valley were, as has already been shown to be probable on other 
grounds, occupied by the sea in posttertiary times, and that the sand of 
the desert was derived from its shore, llie most sandy tracts are on the 
edge of the Indus valley, along the northern margin of the Rann, and along 
the depression of the Luni valley, and these portions of the country were 
all probably situated on the coast The form of the rocky hills around 
Rdlmer and Jaisalmer shows that they have been sliaped by subaerial, 
not by marine denudation, and it is probable that the more elevated central 




GEOLOGY OF INDIA— INDO-GANGETIC PLAIN 


portion of the desert was land, whilst the Indus valley; the RanO; and the 
Luni valley were occupied by sea. 

The accumulation of sand in the desert region is evideiitly due to the 
low rainfall and to the consequent absence of streams, the effect being 
intensified by the accumulation of sand and the porous nature of the re- 
sulting surface. In other parts of India the sand blown from river chan- 
nels or the sea coast is either driven by the wind into other river channels, 
or it is swept into them again by rain. There are sand hills in abundance 
in the alluvial plain of the Indus, but they attain no great size, because 
the sand is always swept sooner or later into some stream, by which it is 
carried away towards the sea. 

Besides the occasional sand hills of the Indus valley in Sind, there are 
some much larger tracts in the Punjab, repeating, on a smaller scale, the 
phenomena of the Thar and the Rdjputdna desert The most important 
of these is in the Sind-Sdgar Dodb between the Indus and Jehlam, but 
there is a barren tract in the RachnaDo£b between the Chendb and Rdvi, 
and sand hills occur in places also in the Bari Doab between the Ravi and 
Sutlej. 


CHAPTER XVIII. 

THE AGE AND ORIGIN OF THE HIMALAYAS. 


Geographical limitation of the Him^Iayaa— Physical geography — Evidence of the tertiary 

deposits as to the age and elevation of the Himalayas — Revd. O, Fisher’s theory of moim- 

tain formation— Age of the Himalayas. 

In dealing with the great question of the date of commencement, cause, 
and history of the elevation of the Himalayas, the first point to determine 
is the exact signification in which this name shall be used. The Himalayas 
in a general sense are well understood to be the great system of mountains 
which rises to the north of the alluvial plains of upper India, and forms the 
southern margin of the highlands of 1‘ibet, but the limits of the range at 
either end are difficult to define, for it becomes continuous with the moun- 
tain ranges between India and China on the one hand and those north of 
Afghanistan on the other, and though it is easy to regard these as distinct 
ranges, once the change of general direction is well established, the ab- 
solute continuity of each with the Himalayas, where the junction takes place, 
shows that the elevation of the whole was part of the same great series of 
movements of the earth's crust. It is, however, necessary to adopt some 
definite geographical limits to the Himalayas, and those used here will be the 
lines along which the strike of the chains of hills, and of the rocks they are 
composed of. takes a sudden bend. On the west this line may be taken to 
run through the hills west of the valley of Kashmir, from where the Kara- 
koram range bends into the Hindu Kush to where the Jehlam leaves the 
hills. On the east neither the geology nor the geography of the hills is suf- 
ficiently W’ell known to define the limit of the Himalayas, but it may be 
presumed to run in from the neighbourhood of Sadiyd in a north-easterly 
direction. 

The descriptions of the orography of this great system of mountains vary 
very much according to the idiosyncracy of the writer, and the particular 
meaning he may have attached to the term ^ mountain chain. ' The earliest 
of the writers on the Himalayan mountains, Captain Herbert, regarded the 
spur on which Simla is situated as the natural termination of the main 
snowy range, giving as his reason that it was the watershed between the 
drainage of the Indus and the Ganges. But this system of classification 
would lead to endless confusion and completely obscure the true relations 
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of the various chains of which the Himalaya moantains are composed, for 
the rivers, without exception, cut at some point of their course throiign 
a zone of special elevation, whether we look to present contour or to geo- 
logical structure, and it is impossible on any rational ground to separate the 
portion of the range on one side of the river valley from its coatinuatiou 
on the other. 


The most popular of the views regarding the physical geography of the 
Himalayas is probably that proposed by Clements Markham, which regards 
them as consisting of three more or less parallel ranges known as the 
northern, central, and southern, respectively. This view was most beauti- 
fully illustrated in the map attached to his edition of the travels of Bogle 
and Manning,^ where three long ranges are depicted, stretching across 
the map from east to west. The view appears to have a certain resem- 
blance to the truth, and cannot be absolutely disproved owing to our igno- 
rance of the geography of the greater part of the Himalayas and to the in- 
definiteness of the term mountain range, but our knowledge of Himalayan 
geography is sufficient to show that the orography of the Himalayas is by 
no means so simple or well defined as it is represented on the map just re- 
ferred to. 

In the north-western portion of the Himalayas, where alone the geogra- 
phy is known with any degree of completeness, four principal ranges are 
commonly recognised. The most northerly and most elevated of these, 
which appears to bend round into the Hindu Kush at its north-westerly 
extremity, is the Mustagh or Karakoram range, whose culminating peak, 
28,265 feet high and the second highest in the world, was formerly known 
as K2, but is now often named after its discoverer Godwin-Austen. 

South of, and more or less parallel with, this comes the Ladakh range, 
which may be regarded as commencing near the junction of the Shdyak 
(Sliyok) and Indus rivers and running thence south-eastwards along the north 
side of the Indus valley. This range, which has a most marked indivi- 
duality both geographically and geologically, is breached by the Indus at 
about I 50 miles from its north-westerly termination in 79® of east longitude. 
The range continues as far as Hanle, forming there the south, instead 
of the north, side of the Indus valley, but its further continuation is imper« 
fectly known. 

The Zanskar range appears to owe its existence quite as much to the 
accident that it forms the watershed between the Indus and Chenab drain- 
age, and has consequently been less denuded than the regions on the north 
and south, as to any special elevation it has undergone. 

, The outermost of the principal ranges is that which is known as the 


Bogle { 


^“Narrative ofthe Mission of GMrgc, I' Manjiiftg to Lhasa,’’ 2nd edition, Loiuior-, 1879. 
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Pir Panjil south of the valley of Kashmir, and as the Dhdoladhdr^ south of 
Chamba. Though the unity of these two ranges is obscured by their being 
broken through by the Chendb and Rdvi rivers, their geological structure, 
so far as it is known, seems to show that they are in reality part cf one and 
the same range. Much might, however, be said in favour of the view which 
would regard them as two separate ranges, echeloned along the northern 
margin of the plains of the Punjab. 

Nothing definite can be said of the soutli -easterly continuation of the 
ranges. The Pir Panjdl, Dhdoladhdr and Zanskar ranges may be regard- 
ed as coalescing and becoming continuous with the great range of snowy 
peaks, while the Laddkh and Karakoram ranges coalesce to continue as 
the range of mountains which runs north of the great longitudinal valley, 
of the upper Indus, Sutlej, and Sanpo rivers. It may, however, well be 
doubted whether either of these ranges has a real continuity along the 
whole length of the Himalayas, and it is altogether more probable that, 
whether we regard them structurally or according to the accidents of the 
existing contour of the ground, they consist of a series of comparatively 
short ranges overlapping each other at their extremities. The final 
classification of the minor ranges of the great Himdlayan system of moun- 
tains must wait for a more detailed geological and geographical knowledge 
than is at present available. 

Though it is impossible to give any definite idea of the detailed oro- 
graphy of the Himalayas it is possible to divide the mountains into oro- 
graphical regions sufficiently distinct from each other, even if their exact 
boundaries are somewhat indefinite. The innermost of these is the up- 
land of Tibet, characterised by great elevation and a dry climate with 
its concomitant of very extensive accumulations of detritus in the 
valleys. 

The drainage of the southern portion of this region, except that of the 
comparatively small area which is drained by the upper Sutlej river, escapes 
into the Brahmaputra and Indus valleys at the extremities of the Himalayan 
range. But by far the greater portion has a closed drainage, or such as 
escapes finds its way into extra-Indian rivers. 

South of the Tibetan region rises the great zone of snowy peaks whose 
drainage, from both northern and southern slopes, finds its way, in a more 
or less directly transverse direction, on to the Indo-Gangetic plain. The 
watershed of this transverse drainage lies to the north of the zone of highest 
peaks, which is repeatedly interrupted by the deep valleys of the rivers 
traversing it. 

South of the snowy peaks comes a zone of lower hills, seldom rising 

^ On tlie accompanying map the name ! range whicli runs south-eastwards from Dal- 
Dhaoladhdr has been misplaced. It is the I housie, south of the Clwmba valley. 
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much over 1 2,000 feet above the sea, whidi has been distinguished as 
the lower Himalayas. These lower Himalayas in many places graduate 
into the main snowy range, so that it is difficult to draw a definite distinc- 
ton between the two ; yet, they can be recognised as a fairly well marked 
feature of the range, forming a belt of hills some 50 or 60 miles broad, 
between the high mountains of the central range and the low hills of 
the sub-Himdlayas. West of the Sutlej the lower Himalayas cannot be 
recognised as a distinct feature, the high ranges of the Ohdoladhar and 
Pir Panjdl rising directly from the sub-Himalayan zone, but the inner por- 
tion of wdiat has generally been regarded as the sub-HimAlayan zone in 
this region rises to greater altitudes than where the lower Himalayas are 
typically developed, and should possibly be regarded as the continuation 
of this feature. 

The sub-Himalayas, which have been referred to in the last paragraph, 
form the outermost zone of the hills. They are usually marked by an abrupt 
drop in the average height of the hills, they are exclusively composed of 
tertiary and principally upper tertiary deposits, and except in the region 
west of the Sutlej, seldom rise over 4,000 feet. 

There can be no doubt that this sudden drop in the average height of the 
peaks, between the lower and sub-HimAlayan region, is principally due to the 
sub-Himdlayan region having been subjected to a smaller amount of elevatory 
movement than the lower Himalayas, though it is doubtless also due in part 
to the greater softness of the rocks they are composed of, and their greater 
proximity to the lowlands of the plains, but it is not so easy to determine 
whether the distinction between the central ranges and the lower Himalayas 
is due principally to differences in the amount of upheaval they have 
undergone or to denudation. Doubtless both have co-operated. The 
bottoms of the river valleys near the plains being at a lower level than fur- 
ther into the heart of the mountains, and the average slopes at which the 
hillsides stand, which depend on the readiness of the rock to disintegrate 
and the amount and distribution of the rainfall, being probably less on the 
average in the lower than in the central Himalayas, the peaks could naturally 
not rise to the same altitude. This does not, however, seem to be a sufficient 
explanation of the facts, and it is only natural to suppose that the belt of 
mountains which contains the highest peaks in the world must have been an 
area of special upheaval, while there are some features in the profile of the 
main river valleys which support this conclusion. I’hese valleys all penetrate 
the hills to within 10 miles of the line of highest peaks without rising more 
than 4,000 to 5 000 feet above sea level, but as they cross this line there is a 
sudden rise of the river bed which carries it up to 9,000 to 10,000 feet within 
a few miles. Above this the gradient falls again and, in the Tibetan 
' regibn, the average;; slope does mot to be '.more than -a few feet in each 

pile of river -beds as tliey cross the line of 

I'/,"; 'A ' 
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highest peaks seems to show that this has been a region of greater and 
more rapid upheaval than those to the north or south, and that the rivers 
have not yet been able to cut down to the level they will ultimately 

reach. 

it has already been mentioned that all the principal rivers draining 
from the Himdldyas have their sources to the north of the line of highest 
peaks, and that they cross this zone of special upheaval in deep valleys. 
The old explanation of this feature was that the valleys were great frac- 
tures in the range, through w hich the rivers found their way* This view has 
never been specifically disproved in the case of the Him^Myas, but it has 
been so frequently shown to be incorrect in other cases where it was main- 
tained, it is so generally discredited, and moreover the shape of the valleys 
is so palpably due to subaerial erosion that it is unnecessary to devote 
further attention to it here, and we may accept these transverse valleys as 
having been entirely produced by the action of rain and rivers. 

It will be shown further on that the sub-Himdldyan ranges are composed 
of the disturbed and upheaved deposits laid down by the same rivers which 
now traverse them. In this case it is evident that the rivers are older 
than the hills they traverse, and that the gorges have been gradually cut 
through the hills as they were slowly upheaved. In the same manner it 
might be supposed that the rivers, originally draining from the north of 
what is now the line of greatest elevation, were able to keep their valleys 
open by cutting them down, at a pace sufficient to prevent the upheaval 
producing an actual reversal of drainage, but in many cases the drainage 
area to the north of the line of highest peaks appears to be too small to have 
given sufficient erosive power to the stream to allow of this explanation. 
In the first edition of this Manual it was suggested ^ that these transverse 
river valleys may have formerly extended further to the north, draining 
a larger area of country beyond the snowy range than they now do, and 
that owing to the greater depth of the gorges of the Indus, Sutlej, and Di- 
hing or Sanpo, their upper w^aters were cut off by a gradual encroachment 
of the longitudinal valleys of these rivers on the transverse drainage. The 
present writer is unable to accept this view. He regards it as altogether 
more probable that the first effect of the commencement of the upheaval 
of the Himdldyas, was to establish a pair of longitudinal valleys along its 
northern face, whose drainage escaped round the extremities of the upheaval, 
and that in the first instance the whole of the drainage north of what is 
now the line of highest peaks escaped by these rivers. As the mountains 
were upheaved the gradients of the rivers flowing directly to their southern 
margin became steeper than those of the longitudinal valleys north of the 
main range, the erosive power of the streams increased, and they were able 
to cut back through the line of maximum upheaval and rob part of the 

1 p. 677. 



OF iNI>IA~~AGE AND ORIGIN OF HIMALAYAS 


drainage which originally flowed east and west to the gorges of the, Indus^ 
Sutlej, and Sanpo 

The few geological investigations which have been made along the 
southern margin of the Tibetan highlands have not been sufficiently de« 
tailed as regards the distribution of the recent deposits and forms of the 
valleys, to decide this question with certainty, but there is one specific 
observation, recorded by General Strachey/ ivhlch points to the conclusion 
that the explanation given here is the correct one. He records that the 
subrecent deposits of the Sutlej valley in Hundes extend right up to the 
crest of the Niti pass, and that a detached portion of it is to be seen two or 
three miles south of the crest. The mere fact of its extending up to the 
crest of the pass shows that there must originally have been higher ground 
to the south; in other words, that the original watershed of the Sutlej must 
have run further south than it now does, and the occurrence of an outlier 
in what is now the southern drainage area, if confirmed, gives a still 
further, though unnecessary, proof of the encroachment of the southern on 
the northern drainage areas. 

The same is indicated by the shape of the valleys which drain in either 
direction from the watershed. So far as can be gathered from the admirable 
maps of northern Kumdun and Garhwil, and from the accounts of travel- 
lers, the slopes on the southern side of the passes are much steeper than 
on the northern; the erosion of these slopes would consequently be more 
rapid, and as it progressed the watershed would gradually be forced north- 
wards. 

The most conclusive evidence, however, seems to be that derived 
form the subrecent deposits of the Sutlej valley in Hundes. These show 
that the Sutlej was followed approximately its present course during a 
period siifiicient, firstly, for the formation of a deep rock valley, secondly, 
for the accumulation in this of over 3,000 feet of subrecent deposits, 
and, thirdly, for the re-excavation of gorges, 3,000 feet deep, through 
these same accumulations. There can consequently have been no pro- 
gressive cutting back of the head waters of the Sutlej during all this 
period. 
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peaks and lower Himalayas, composed mainly of crystalline and metamor- 
pbic rocks and of unfossiliferoiis sedimentary beds, believed to be prin- 
cipally of palceozoic age. The third is the zone of the sub-Himdlayas^ com- 
posed entirely of tertiary, and principally of upper tertiary deposits, wliich 
forms the margin of the hills tow^ards the Indo-Gangetic plains, and has 
so intimate a connection with, and so important a bearing on, the history 
of the elevation of the Himalayas that it will require a more detailed notice 
here than the others. 

The stratigraphy and palaeontology of the rocks composing this terti- 
ary fringe have been referred to in a previous chapter, but it will be neces- 
sary to recapitulate part of what has been written, and to add some further 
details which are important from the present point of view. 

The classification which will be adopted is the following : — 


Upper tertiary 
or Si wall k series 


Lower tertiary 
or Sirmur series 


'' Upper Si wdlik. 

\ Middle Si waiik. 

L Lower or Nahan Siwalik. 
{ Kasauli group 
f Dagshai group 
L Subathu group. 


Murrce beds. 


The lowest of these groups consists everywhere of marine deposits, 
clays, shales with some limestone, and a few bands of sandstone. It passes 
upwards wfith perfect conformity into a series of interbeclded sandstones 
and clays. The latter, almost alw^ays red in colour, prevailing in the lower 
part, the former in the upper, so that there is a gradual increase in the 
average coarseness of the debris from below upwards, a feature even more 
conspicuously displayed in the sections of the upper tertiaries. 

llie distribution of these rock groups is noteworthy. There is a long 
narrow outlier in western GarhwdI just east of the Ganges, in which only 
the marine Subathu beds are found. A larger area is found further w^est 
in the Simla hills, where all three groups are represented. For a part of 
its length this exposure is in direct contact with the Siwalik series along 
the great fault, wdiich will be referred to further on, but along its western 
half it is separated by a narrow strip of pretertiary slates. At the 
western extremity of this outcrop of lower tertiary rocks, which belong by 
position to the lower Himalayas rather than the sub- Himalayas, they rim 
down into a narrow strip, which, stretching along the south face of the 
Dh^oladhir, connects them with the larger area of lower tertiaries in Jammu. 

The upper tertiaries are, like the lower, divided into three groups. The 
lowest of these, known as Nihan consists of clays and sandstones, the former 
being mostly bright red in colour and weathering with a nodular structure, 
the latter firm or even hard, and throughout the whole not a pebble of hard 
rock is to be found. 
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The middle Siwdllks consist principally of clays, and soft sandstones, or 
sand rock, with occasional strings of small pebbles, which become more 
abundant towards the upper part, till they gradually merge into the coarse 
conglomerates of the upper Siwdliks. It must be understood that this 
classification, being dependent on lithological characters, not on the palse- 
ontology of the beds, is not strictly accurate, and it is certain that the dif«« 
ferent stages must more or less overlap each other on different sections. 
Any classification on palaeontological grounds is unfortunately impossible 
at present, as most of the fossils ha%"e been obtained through native col- 
lectors, and their localities are not known with certainty. But this is 
unimportant for our present purpose, as it seems certain that the three suc- 
cessive lithological stages do represent successive periods of time, though 
part of the conglomerate stage on one section was certainly represented 
by a part of the sand rock stage on another. 

Ill the north-west of the Punjab, beyond the Jehlam, the wdioie of the 
tertiary rock groups are said to form one conformable system from base to 
summitA Further east their relations are less simple and at first sight 
somewhat perplexing. The true meaning of the anomalies was long ago 
pointed out by Mr. Mediicott, ^ but have been illustrated in so much greater 
detail by Mr. Middiemiss in his account of the sub-Himalayas of Kumiun 
and Garhwdl ® that it will be well to turn to this region for illustrative 
sections. Here there is normally a perfectly conformable transition from 
the N4han group to the middle Siw^lik sandstones, and again from these 
to the upper Siw^lik conglomerates. This conformable succession, which 
is exhibited by many sections, is illustrated on two of the sections repro- 
duced on the accompanying plate, but it is not invariable. Many sections, 
as No 3 on the plate, show the upper Siw^dlik conglomerates resting im- 
conformably on the eroded edges of Ndhan sandstones, and this peculiarity 
of unconformable contact between two members of a conformable system 
finds its most striking exemplification in the short section reproduced in 
figure 25.^ 

West of the Ganges the country has not been examined in the same 
detail, but it is certain that the same feature exists. In the neighbour- 
hood of Nd.han the Ndhan and upper Siwalik groups are in contact along 
a line of fault, but the latter contain many boulders derived from the 
sandstones of the former, showing that they had been elevated and exposed 
to denudation at the time that the upper Siwalik conglomerates were 
being deposited. Beyond,the Sutlej,, other hand, it was found im- 

possible to any boundary between the two groups, so gradual was 
the transition A' ' ' ' 
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Throughout this eastern area just referred to, the upper and lower 
tertiaries are nowhere found in superposition. Ihey occur on opposite 
sides of a great fracture, marking the limits of the sub-HimdIayan 
region, and it is at present uncertain whether any beds whose age would 
place them with the Sirmur series conformably underlie the Ndhans in 
this region. 

The examination of the sub-Himdlayas of Jammu has been even more 
cursory than that of the country further east, and it is at present uncer- 
tain whether the same relations, as exist further east between the difierent 
groups of the Siwvalik series, may not be found to prevail between the lower 
and upper tertiaries. The unconformity between the two is proved by the 
presence of boulders of lower tertiary sandstone in the upper Siwalik 
conglomerates, but the conformity is not equally well proved. The map 
accompanying the only published account ^ of this region appears to in- 
dicate a coiifonnity between the Siwaliks and the Murree beds of the small 
inliers at Naoshera, and between the Punch and Jehlam rivers, and on the 
whole it is probable, especially if we bear in mind the asserted conformity 
of the whole sequence on the further side of the Jehlam, that the relations 
of the lower and upper tertiaries are the same apparently contradictory 
ones, of conformity on one section and unconformity on another, as are 
exhibited by the groups of the Siwdlik series. 

There is but one explanation possible for the known facts, that this 
great thickness of deposits, whbse unity of lithological type, no less than 
the special sections showing conformity betw’een its subdivisions, prove 
that they belong to one rock series, must have been deposited during a 
period of disturbance, so that while a continuous sequence of conformable 
deposits was being laid down in one place, in another they were , disturbed, 
elevated and exposed to denudation. 


Along the whole length of the Himalayas, wherever the junction of 
the Siwaliks with the pretertiary rocks of the Plinidiayas has been seen, 
it is a great reversed faiiM To the west of the Bids a similar reversed 
fault forms the boundary between the lower tertiaries and the secondary 
and palseozoic rocks of the liimdlayas, and inthe intermediate area, where 
the lower tertiaries rise up and form part of the lower Himdlayan area 
between the Sutlej and the Jumna, ‘this great fault forms, for part of its 
ccurse, the boundary betw^een the Sirmur and Siwdlik series. 

The fault is, however, noC§.mere boundary fault in the ordinary sense, 
of the term, that is, the fault is not of a date subsequent to t|ie deposition 
of the whole thickiiess of the sqrfes whose boundary it forms, nor did this 
ever extend, in its full developmeiVti ^^ar to^the north of the line of fault. 


^ Re €i^rd Si iX, 5^. (1876). 
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Mr. Middlemiss^ section, reproduced in the woodcut below of itself j 
this, for it is seen that the great boundary faulc was fully developed pn 


Fig. 25.— Section at the head of the Sara valley, eastern Kumaun, showing 
overstep of the main boundary fault by the upper Siwaliks. 

to the deposition of the upper Siwdlik conglomerates^ which rest on the 
eroded Ndhan sandstone^ and overstep the fault onto the preterliarv slates. 
A somewhat similar section appears to be found in the sub-Himalayas of 
the Darjiling district,^ but has not been worked out so completely. 

Apart from these special sections there are some considerations of a 
general nature, which are in reality of greater importance. !t will be seen 
that this line of faulting forms an absolute boundary for the Siwaliks in 
all the range east of the Sutlej,, and in the hills west of the Rdvi it simi- 
larly forms an absolute boundary for the tertiary rocks, no outlier being 
found to the north, and only a few small inliers to the south of it. Now, 
if the many thousand feet of tertiary strata found south of the fault had 
been laid down in a continuous sequence previous to its formation, 
they must have extended far to the north of it, and it is almost impossible 
to understand how they could have been so completely removed as to leave 
no trace of an outlier. 

It was Mr. Medlicott who first, in 1859, pointed out the meaning of this, 
— that the fault is in effect an original limit of deposition, to the north of 
which the Siwdliks never extended. In order to lay special stress on this 
peculiarity, and to take the ' main boundary/ as he named it, out of the 
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The outer margin of the hills at the present day is everywhere fringed 
with a band of gravel deposits forming the bhibar^^ or gravel slope of the 
foot of the hills. The extent and constitution of this varies with its position. 
Opposite the debouchures of the great rivers draining the central portions 
of the Himalayas it reaches a great development, and is composed almost 
entirely of boulders of hard crystalline and metamorphic rocks, which have 
mostly been well rounded in their long journey down the river valley. Boul- 
ders of limestone are somewhat rare, wTile the softer varieties of slate and 
sandstone are almo.-t absent, having been unable to withstand the severe 
treatment they received. In the stretches intermediate between the great 
rivers the nature of the gravel varies according to the rocks exposed within 
the drainage areas of the streams ; where these drain only from the outer hills 
of Siw^lik conglomerate, rounded boulders of hard rock will be found, 
elsewhere there are seen fragments of limestone, sandstone, or slate, which 
are often subaiigular, owing to the shorter distance they have travelled 
and the smaller degree of abrasion they have undergone, and are always 
less rounded than the hard boulders of the great rivers. 

If w^e now turn from the submontane deposits of the present day to the 
upper Siwaliks we find a remarkable resemblance between them. Not 
only are the upper Siwdliks so similar to the recent deposits in general 
character that they have, not without reason, been compared to an elevated 
portion of the plains, but there is precisely the same connection between 
their composition and the existent lines of drainage. In the sub- 
Himdlayas of Kumdun, there is a great development of the upper and 
middle Siwaliks, and especially of the conglomerates, where the Rdmgangd 
and Kosi rivers issue from the hills. Further w^est, where there are no large 
streams draining from the interior of the hills, the whole Siwdlik zone 
becomes constricted and only the Ndhan group is seen. Between the 
Ganges and Jumna the upper Siw' 4 Iik conglomerates again attain a great 
thickness, and are composed of well rounded boulders of hard rocks, pre- 
cisely similar to the debris brought down by these rivers at the present day. 
West of the Jumna the conglomerates die out to a great extent, and those 
which are seen consist of fragments, to a large extent subangular, of the 
older tertiary sandstones, and of the formations found in the outer part 
of the Himalayas of this region. Where the Sutlej debouches from the 
hills there are at least 4,000 feet of coarse conglomerates, but in a parallel 
section, only seven miles off, there is only about 500 feet of them, in the 
middle of over 3,000 feet of brown sandy clays.^ The same features have 
been noticed in the case of all the other great rivers, that the upper Si w^lik 
conglomerates attain a great thickness in their neighbourhood and are 
composed of waterworn boulders of hard rocks, while in the intermediate 
country they are generally represented by brown clays undistiaguishable 


I H. B. Medlicott, Records ^ IX, $7, (1876). 
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from the recent alluvium, or if conglomeratic the pebbles are of local 
debris. 

l^here is but one explanation possible of these features, that the 
liimalayan range already existed at the time when the upper Siw^liks 
were being deposited, with very much the same boundaries as at present, 
with the principal features of its drainage already established, and with 
an elevation comparable to that of the present day. The Siw^Iiks formed, 
therefore, the northern fringe of a series of alluvial deposits, whose southerly 
extension must be looked for beneath the undisturbed deposits of the 
Cangetic alluvium. 

But the Siwdliks now form low hills, in which these once horizontal 
deposits have been disturbed, elevated, and exposed to denudation. There 
has consequently been a southerly advance of the margin of the hills since 
the upper Siwdlik age. 

The vast thickness of Siwdlik deposits, whose upper division alone 
attains many thousands of feet in thickness, all of which were formed sub- 
aerially, and even now, after the elevation they have undergone, only reach 
a very few thousand feet above the sea, can only have been formed in an area 
which was gradually subsiding as the deposits w^ere heaped up. We must 
conclude then that the plain country south of the hills, where the conditions 
are so similar to those under which the upper Siwaliks were formed, and 
where immense masses of debris have been heaped up without raising it very 
much above the alluvial plain to the south, is an area where considerable 
subsidence has taken place during the recent period. 

There are of course no sections showing the actual nature of the 
boundary between this area of subsidence on the one hand, and the region 
of recent elevation occupied by the outer hills of the Siwilik zone on the 
other, but there are some considerations of a general nature which, apart 
from any reasoning from analogy, indicate its nature. 

The steady sweep of the boundary along the length of the Him^lnyas, 
the absence of any deep re-entering angles . or outlying patches, show 
that it is in the main a structural feature, and that only its details 
have been shaped by denudation and sedimentation. Now'here are the 
upper Siwdiik conglomerates found passing conformably beneath the recent 
deposits of the foot of the hills, and the section of the outermost ridge is 
always an anticlinal, wdiose southern half shows an increasing steepness of 
dip in a southerly direction. The beds acttially in contact with the sub- 
montane gravels may be uppermost Siwaliks or belong to the lower part 
oi the Nahan group, the dip may be moderate, vertical, or even inverted/ 
rarely the whole southern half of, the anticlical may have been denuded 


_ _ of all thfcse cases mnj Xn mihl that /lie undergrotind 
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away and covered up by recent deposits, but where it is seen there is 
usually a rapid increase in the steepness of the southerly dip near the 
margin of the hills. These indications of a line of special bending of 
the strata close to the southern edge of the hills help out the suppo- 
sition that the actual demarcation of the two contiguous areas — one of 
elevation, the other of subsidence— may be of the nature of a fault, one 
side of which has been raised and the other depressed, the depression being 
filled up as fast as made by the abundant debris brought down from the 
hills. 

Though there are no sections show'ingthe nature of the junction between 
the undLsturbed recent deposits of the plains and the upraised Siwaliks 
the sections in the sub- Himalayas throw some light on its nature. Wher- 
ever the Siwdlik zone attains any considerable width it is found to be 
traversed by one or more reversed faults of great throw, running more or 
less parallel to the outer boundary on tlie one hand and the main boundary 
of the Siwdliks on the other. These faults all show an ascending section 
on the outer (southern) side and the dip usually flattens towards the fault, 
w'here the uppermost beds are seen in contact with strata of a very much 
lower zone. Moreover, the older beds are invariably thrown into an anti- 
clinal immediately north of the fault, while the southern half, when it is 
present, shows an increasing dip as the fault is neared, exactly as is the 
case in the anticlinal of the outermost ridge, and occasionally, as in that case, 
the southern half is cut out.^ 

The relations of the rocks on either side of these great faults are so simi- 
lar to what we have inferred is probably the case between the Siwdliks of 
the outermost ridge and the deposits of the submontane region of the 
plains, that it is natural to regard each fault as marking a former limit of 
the disturbed tract, and the successive faults as indicating a step by step 
southerly advance of the outer margin of the hills. According to this 
hypothesis the great main boundary would mark approximately the south- 
ern limit of the Himalayas at the commencement of the Siw^lik period, 
north of which the upper tertiary deposits did not extend to any great 
distance or in any great thickness. 


We are not, however, confined to the conclusions that may be drawn 
from direct observations in dealing with this problem. It may also be 
attacked from the purely physical, and mathematical side, as has been 
done by the Rev. 0. Fisher in his great work on the physics of the earth’s 
crust. ^ Mr. Fisher adopts the hypothesis that the solid crust of the earth is 
of limited thickness and rests on a magma of greater density, whose condi- 
tion is actually or virtually tkat of a fluid. As the central core of the earth 

' Physics of the Earthfs Crust, tst ed.,'8° London, 1888, pp. 114-41- 
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cools down by the conduction of heat away from it, the outer crust is 
left partially unsupported by the consequent contraction, exposed to a 
greater strain than it is capable of bearing, and yielding along lines of 
weakness, is thickened both upwards and downwards from a zone some- 
where in the thickness of the crust, above which the material will on the 
whole be forced upwards, and below it downwards. This zone, called 
the neutral zone, is placed, for reasons unnecessary to enter into here, 
as its exact position is not oi great importance, at three-fifths of the 
thickness of the crust from its upper surface. If the subjacent magma 
had a density one and two-thirds as great as that of the overlying crust the 
upward protuberance would be supported by the buoyancy of that portion 
W'hich had been thrust downwards into the magma. But such a great 
disparity cannot exist, and the extra weight of the elevated tract will, 
consequently, bear the crust downwards on either side as is indicated 
in the diagram, fig. 26, till sufficient of the lighter solid material is de- 
pressed into the denser magma to provide the requisite buoyancy. 

As soon as an elevated tract is formed denudation will commence, and 
as it is extremely unlikely that the protuberance will be symmetrical, a 
larger amount of material will be deposited on one side of it than the 
other, In the diagram this is supposed to take place on the right hand side 
and its effect will be to depress that side of the range more than the other 
while the elevated tract will be lightened by the removal of material 
from its surface. As a consequence, the centre of gravity will be shifted 
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Fig. 26 . Diagram to illustrate Revel. O. Fisher’s theory of mountain fermation-— 

A. — Upward protuberance, or * elevated tract.’ 

B. — Downward protuberance or ‘root.’ 

P. R.—Original limits of depressions on surface. 

P. R.'— Subsequent limits ;^fter the deposition of sediment represented by shading, 
and removal of the portion of the elevated tract represented by dotted 
lines. 


Q* S. S/ Original and subsequent limits of downward protuberance. 

G. G. H. H, Original and subsequent positions of centres of gravity of crust, and of 
displaced 6 uid respectively. 
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of rotation as will diminish the size of the depression on the left hand 
side, where there is least sediment, and extend it on the right hand 
side, where most has been deposited. As this action goes on, the 
depression on that side where least sediment is deposited may become 
obliterated, and as the crust is exposed to a tensional strain on this side it 
may be that fissures will open and volcanic outburst take place. 

Such, briefly stated, is Mr. Fisher’s theory of mountain formation, and 
there is, on the most superficial view, a considerable resemblance to %Yhat 
we know to have taken place in the case of the Himalayas. The great 
depression in which the Gangetic alluvium has been accumulated corre- 
sponds to that in w^hich the greater bulk of debris derived from the denu- 
datioii of the mountains is deposited, and the obliteration of the eocene 
sea of the central Himalayas, accompanied as it was by a great outburst 
of volcanic energy, w^ould appear to correspond to what the theory points 
out as likely to happen to the depression on the other side of the range. 
But the greater part of the elevation has taken place since the oblitera- 
tion of the eocene sea of the central Himalayas, and w^e are then met by 
the difficulty that we have to assume a rotation of the whole elevated tract 
of Central Asia. We have no reason to suppose that so large a mass of 
the earth's crust would have sufficient rigidity to allow of its rotation as a 
whole; rather, there is good reason to suppose that it w^ould yield infinitely 
to a long continued stress. Moreover, Mr. Fisher’s theory takes no notice 
of horizontal compression, which in the case of the Himalayas has certainly 
gone on up to a very recent period. The fact is this movement of 
rotation, wdth the degree of rigidity it demands, as well as the ignoring of 
the effects of lateral compression after the elevated tract is formed, are 
mere generalisations necessary to bring the complex conditions of nature 
within the powers of mathematical investigation, and are not intended 
to be taken literally, as an exact account of what actually takes place. 



Fig, 27. — Diagram to illustrate the theory of the elevation of the Himalayas, corresponding to 


the right-hand half of fig. 26. Horizontal scale about 60 miles, vertical about 30 miies 
to I inch, 

A. — Massif of the Himalayas. 

B — Root of the same. 

C. -“Earlier marginal deposits, compressed and elevated. 

<?.— Continuation of the same, depressed and undisturbed. 

D. — Subsequent deposits overlapping C. 

5.-- Sinking of lower surface of crust due to C and D. 

Bearing this in mind, we have now td consider what modifications are re- 
quired to fit the purely mathematical theory to the more complex conditions 
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of actuality. In the first place the elements of rigidity and rotation being 
abandoned, we need not consider the left hand side of the diagram, and may 
redraw it in greater accordance wdlh the conditions of the Himcilayan region 
(see Bg. 27). We have now an elevated region A subjected to denudatior. 
and adjoining it an area extending to R, on which deposition is taking place^ 
the deposits being contributed by the elevated ground A to the north, 
and the waste of the rock area to the south. The tract being supposed to 
be in equilibrium, the surplus floating power of ^ will cause it to rise when 
A is lightened by denudation, and the load thrown on Z> will cause it to 
sink, especially in the neighbourhood of A where the load is greatest, till 
the magma displaced by the lower surface of the crust is sufficient to float 
the load. The result will be, firstly an extension of the depression in a 
direction away from the elevated tract A^ and, secondly, a strong tendency 
to either fracture or flexure of the crust at the junction of A and D, 

As we may take the crust to be infinitely yielding to long continued 
stresses, there is no reason why that produced by the lightening of the 
one area and the loading of the other should not be relieved simply by the 
sinking of the latter and the rising of the former on either side of a sep- 
arating plane. But denudation and deposition are not the only forces at 
■work, for to bring the case into connection with that of the Himalayas, 
we must suppose compression to be continually in progress. This will be 
relieved partly by an additional elevation of A^ but also by the compres- 
sion and consequent elevation of the marginal deposits D, which would 
not offer the same resistance at the already consolidated beds of A, In 
this way the deposits on the edge .of the depression would gradually 
come to firm part of the tract A^ whose boundary v’jould advance towards 
j?, but not to the same extent as the shifting of the outer boundary of the 
depression towards R, 

Withthisamplification,— for ills no modification of Mr. Fisher's theory, 
but merely a more detailed explanation of part of the process ■which does 
not lend itself to mathematic investigation,— -we find it easy to explain the 
true nature of the great reversed faults wliich traverse and bound the Siwa- 
lik zone. They mark the successive limits between hill and plain, be- 
tween the area of deposition and depression on the one hand and of denu- 
dation and upheaval on the other, and the small amount of disturbance 
which may generally be noticed in the beds immediately in contact with 
the fault plane is explained by the fact that their immense throw is not due 
to the effect of horizontal pressure acting on an inclined plane, but princi- 
pally to a vertical pressure, downwards on the one side, and upw'ards on 
' , the other, of the fault, 
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deduction agree with each other, but we have another check on the theory, 
for, if it is true, the Gangetic plain must have originated at the same time 
as the great mountain range to the north, and gradually increased in width 
by the subsidence of the rock area along its southern margin. Now, when a 
stream issues from the rock area on to the alluvial plain, it is the coarsest 
debris which is tiist deposited, while the finer grained material is carried 
further and deposited at a greater distance from the margin of the alluvium. 
Consequently, if a boring be sunk near the southern limit of the plain, where 
it has been encroaching on the rock area, the beds passed through near 
the surface should be finer grained on the average than those passed 
through lower down, for these last belong to an earlier period, when the 
edge of the alluvium was less distant than it is at the present day. Near 
the northern margin of the plains the conditions should be reversed, for 
there the rock area has been encroaching on the plains and the upper bed 
should be composed of coarser debris on the average than those lower down. 

The deep borings that have been put down in the Gangetic plain are 
four in number. Of these, two, at Umballa and Fort William respectively, 
are well situated for testing the hypothesis ; a third, at Agra, is less suitable 
for reasons which will shortly appear, while the fourth, at Lucknow, being 
well out in the middle of the plain, does not appear to have gone deep 
enough to give any evidence of importance. 

In dealing with the records of these boreholes we are harassed by the 
vagaries of nomenclature indulged in by the men, never trained geologists, 
to whom the conduct of the operations was necessarily entrusted. But by 
adopting two classes only, sand and clay, and by including in the former 
‘sand,’ ‘coarse sand,' ‘clayey sand,’ etc., and in the latter ‘clay,’ 
‘silt,’ ‘sandy silt/ ‘limey silt, ’ etc., a fair idea will be reached of the 
relative coarseness of grain of the beds passed through at different depths 
of the same boring. This method is perfectly justifiable, as, for the present 
purpose, the absolute coarseness or fineness of grain is immaterial, and we 
merely want to know whether in any part of the bore hole the beds are on 
the whole coarser or finer grained than those above and below. 

Adopting this system of classification, we may make an abstract of the 
Fort William boring,^ thus: — 
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The increase in coarseness of grain of the beds passed through is con- 
spicuous enough in this abstract, but the reality is even more striking, for 
in the sand from 180 feet downwards, some beds of gravel and pebbly sand 
• For detailed section see XIV-, 221, (1881) j Calcutia journ. Nat. Hist., I, 324, (1S41). 
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are includedy eaid the boring was finally brought to a standstill in a bed of 
gravel which it was not found possible to penetrate. 

The second boring of importance is that made at Umballa.^ Adopting the 
same broad classification of clay and sand, we get the following result:— 


Here we have, as the hypothesis requires, a very distinct increase in 
coarseness of texture in the upper beds as compared with the lower. 

Besides these two borings, one has been put down at Agra, the evi- 
dence of which is slightly vitiated by the peculiar local conditions. The 
abstract of the section is as follows^ : — 

o ft* to looft, .... Sand 65 Clav 3^ Kf?nkar o 


Here there would seem to be an increase in coarseness of texture, both 
upwards and downwards, from 200 feet* The explanation of this is to be 
found in the fact that the surface deposits round Agra are largely com- 
posed of blown sand, and it is probable that the sand beds found in the 
uppermost 160 feet of the section are of seolian origin, while below that 
the beds are alluvial and exhibit the gradual upward increase in fineness 
of texture required by the hypothesis. 

The fourth boring at Lucknow has been stmk to a depth of 1,336 feet. 
As might be expected from its situation, there is no marked increase or 
decrease in the coarseness of the beds passed through, but near the bottom 
of the boring some beds of coarse sand were found, and these may indicate 
an approach to the base of the alluvium and mark a time when its southern 
boundary was not far from Lucknow. 

r o sum up, of the foui deep borings which have been made, two are 
completely in accordance with the hypothesis, the third one is in favour of 
it, though its evidence is vitiated by peculiar local conditions, while the 
fourth is so situated as to give no evidence one way or the other till it is 
carried to a greater depth. 

, ,Ti^e find^ then that the inductions from observed facts regarding the 
spxitberly, advahee^^ of the margin, of the,hlllsj the nature of the boundary 
1 plain, , and the| mode, and growth of the 
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Gangetic plain, agree in all essential points with the deductions from Fisher’s 
theory of mountain formation and using the one to elucidate or amplify 
wliat remains doubtful in the other, we may approach the interesting sub- 
ject of the date of the commencement of the elevation of the Himalayas. 

The occurrence of marine nummulitic beds at a height of many thousand 
feet on the north face of the main snowy range in Huncles^ and at a height of 
20,000 feet in Zanskar, shows that the elevation of this part of the Himalayas 
must have taken place entirely within the tertiary period. Further east we 
have not the same conclusive evidence, but the upper cretaceous fossils that 
were brought from north-west of Lhasa show that the elevation of this part 
of the Tibetan plateau could not, have commenced at a much earlier period. 

The limitation of the marine mesozoic and palaeozoic rocks to the northern 
flanks of the main snowy range, and their absence, so far as is known, to 
the south of this, may be due to an original limitation of deposit, or it may 
well be due to the country over which they are wanting having been more 
rapidly elevated, and consequently exposed to more active denudation^ 
But even if the southern limit of these marine formations represents ap- 
proximately the recurrent shore lines of a long series of epochs, it is dilli* 
cult to believe that a mountain range at all comparable to the Himalayas of 
the present day lay immediately to the south of them. The present geo- 
graphical and geological conneciion between the Himalayan range and the 
Tibetan highland is too close to make it at all probable that the elevation 
of the latter was altogether posterior to, and independent of, that of the 
former, and consequently the elevation of the Himd,]ayas as a mountain 
range cannot have been long in progress, if it had commenced, when the 
sea flowed over Tibet at the close of the secondary period. 

On the southern side of the Himalayas there is not the same direct 
evidence. The close connection between the older rocks of the Assam 
range, and the corresponding ones of the Indian Peninsula has already 
been noticed as indicating that the present limits between the peninsular 
and extra-peninsular areas had riot been established at the time that they 
were being deposited, and the presence of subaerially formed Gondw^na 
rocks in the eastern Himalayas suggests, though it does not prove, that 
they were formed in the same land area as those of the Peninsula and 
that no depression, corresponding to that now occupied by the Gangetic 
alluvium, was in existence at the commencement of the secondary period. 

The complete absence of any known exposure of marine nummulitic 
rocks between western Garhwdl on the one hand, and the Garo hills on the 
other, might only mean that the shore line ran south of the present limit 
of the hills, and that the numiriulitic beds^ are hidden by the Gangetic 
alluvium, but there is not so dose a relationship between the nummulitic 
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faunas, so far as they are known, of the Punjab and of Assam as to neces- 
sitate, or even suggest, so direct a communication between the two areas. 
There is consequently some degree of probability that the Indo-Gan- 
getic depression had not been established at the commencement of the 
tertiary period and we again get the close of the secondary period as the 
probable date of the commencement of the elevation of the Himalayas. 

The stratigraphical relations, between the nummulitic beds of the north- 
west portion of the lower Himalayas and the subjacent deposits, point to 
the same conclusion, lliere is not only a general parallelism of strati- 
fication, which might result from the compression both have been exposed 
to, but there is a very close resemblance in the nature and degree of disturb- 
ance they have undergone, and the nummulitics lie with perfect parallelism 
of bedding on an eroded surface of the former pretertiary deposits, wher- 
ever a section showing the original contact between them is found. 



if r 


Were this merely a local phenomenon observed on one or two isolated 
sections no importance need have been attaclied to it, but when it is seen 
wherever the contact between the two rock series has not been modified 
by faulting, from the inliers of the Jammu hills on the one side, to the 
outliers east of the Ganges on the other, it shows that there had 
been no appreciable disturbance of the older rocks, now forming this part 
of the Himalayas, when the nummulitics were deposited. In other words, 
that if the elevation of the Himalayas had already commenced in eocene 
times, it had not extended into the north-western portion, or was confined 
to the central portion of the range. 

The close connection in structure and distribution of the upper Siwd- 
lik conglomerates and the submontane deposits of the present time has 
already been appealed to as evidence that the Himdlayan range existed 
in pliocene times with very much the same limits and elevation as at the 
present day, and with the main features of hydrography already marked 
out. But these coarse conglomerates are confined to the upper Siwaliks. 
As we descend the section pebbles get smaller in size and less in number 
till, in the lower part of the Siwdliks proper and throughout the immense 
thickness of the Ndhans, not a pebble is known to occur.^ 

It might be held that this was due to the southerly advance of the foot 
of the hills, and that we must look for the coarse conglomerates of middle 
Siwdlik and Ndhan age in the hills north of the main boundary. It has, 
however, been shown to be extremely probable that neither tlie Siwdliks 
proper nor the Nahan group ever extended, in anything like their full 
thickness, much to the north of the main boundary, and the absence of 
any known ontlier, though me re|| .negative evidence, canriot be altogether 

f recorded hesitancy, that it may well be 
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ignored. A more probable explanation is that during the formation of the 
lower portion of the Siwalik series the hills to the north had not attained 
anything like their present elevation, and that the gradients of the river 
beds had not become sufficiently steep to enable them to transport any- 
thing coarser than fine sand. If this be the true explanation, as seems 
extremely probable, the greater part of the elevation of the Himalayas has 
taken place since the miocene epoch, and it is impossible to date its com- 
mencement much further back than the commencement of the tertiary or 
the close of the secondary period. 

Another argument of an entirely different character has been adduced 
by Dr. Blanford, which curiously confirms the conclusion regarding the 
date of origin of the Himalayas, arrived at on purely geological grounds. 

He points out ^ that the mammalian fauna of Tibet has a proportion of 
species, and even genera, peculiar to the region which is not exhibited by 
any other continental area of the same si2e. Omitting all doubtful 
forms, and taking no account of varieties or subgeneric types, the known 
Tibetan fauna consists of forty-three species belonging to twenty-six 
genera, of which twenty-seven species and four genera are not known 
outside Tibet. Moreover, by far the largest proportion of species ranging 
outside of Tibet is exhibited by the carnivora, only four out of nine 
species of ungulata being known outside I'ibet, and two of these are re- 
presented in Tibet by well marked varieties, while out of sixteen species 
of rodents only one is not purely Tibetan. 

On the now universally accepted theory of the origin of species by 
descent and modification so large a proportion of peculiar species indicates 
a long period of isolation. In the case of island faunas, this isolation is 
due to the sea barrier which mammals cannot cross or can only cross with 
difficulty, but in the case of Tibet the isolation must be a climatic one, due 
to the superior elevation of the region, and after comparing the degree of 
specialisation of the fauna with that of various islands Dr. Blanford comes 
to the conclusion that this isolation must have commenced in middle tertiary 
times. This agrees remarkably with that arrived at on purely geological 
grounds, and from a study of the relations of the Siwilik to the tertiary 
faunas of Europe,^ that the elevation of the Himalayas commenced with 
the tertiary era and that the range only attained an elevation comparable 
to that which it now possesses towards the commencement of the pliocene 
period. 

Two views have been propounded, regarding the antiquity of the Hima- 
layas which are antagonistic toThat just put forward. The first of these, 
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which regards the mountain chain as much older than the commencement 
of the certiary period^ requires special notice, as it has been advocated by 
Mr. C. S. Middlemiss, the author of the most detailed study of any portion 
of the range yet published. It is supported by arguments derived on 
the one hand from the special structural features of the southern margin 
of the Himalayas in Kunidun and GarhwdI, and on the other by the de- 
gree of disturbance which the rocks of various ages have undergone in 
the same region. 

The special structural features are summed up in, and illustrated hy^ a 
section drawn north and south along the Rdmgangd and Pelani valleys in 
E. long. 78^49', which is reproduced on the accompanying plate. In this 
it will be seen that, starting from the plainward margin, we have the 
Ndhan sandstones conformably covered by a great succession of middle 
Sivvdlik sand rock, north of which the upper Siwilik conglomerates are 
brought in by a small fault of no structural importance. The upper Siw^iik 
conglomerates are brought into contact with the lower portion of the 
Ndhau group by a great reversed fault of 11,880 feet thrown along the 
fault, or 6,380 feet in a vertical direction.^ From this fault there is again, 
after some undulation of the strata, an ascending section tln-ougli the 
greater part of the sand rock, but before the conglomerates are reached 
the beds low down in the N^han group are again brought up, and after a 
series of anticlinal and synclinal folds the topmost beds of this group are 
brought into contact with the pretertiary beds of the Himilayas along the 
main boundary. 

The rock in contact with the N<lhans at the main boundary is a massive 
unfossiliferous limestone of unknown age. It is overlaid by the Tdi beds, 
presumably mesozoic, and these again by marine nummulitics of the Subithu 
group. North of the nummulitic band there is again a reversed fault and 
purple slates, and volcanic brecias come in, beyond which a great reversed 
fault brings in crystalline schists. 

It will be seen that there are here five zones, each bounded on the north 
by a great reversed fault, and each successive one showing an older group 
as its newest member. In the outermost zone tiie section ranges from 
Ndhans to the upper Siwalik conglomerates, in the next the sand rock in 
the newest group seen, in the third this is wanting and the section only 
ranges up to the upper Ndhans. In the succeeding zone an entirely new 
set of rocks comes in, the newest of which is eocene, while in the last the 
rocks are of unknown, but certainly at least palaeozoic age* 

It has already been pointed out that the great reversed faults of the 
sub-Himdlayan zone probably mark the successive positions of the outer 
margin^ the ills, that is the limit'b'elvfe^a-.the of elevation on the 
one hai|{^ , an with a 
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very good show of reason, that in each case the youngest rock seen south 
of the fault marks approximately the period of its completion, and of the 
commencement of the one next to the south, so that the first fault counting 
from the south may be ascribed to the upper Siw^lik, the second to the 
middle Siw^lik period, the third to the close of the Nihan period, and the 
fourth to the eocene. 

The argument on which this conclusion is based may be epitomised as 
follows.^ It is a common character of these long narrow zones bounded 
on the north by a reversed fault, that they carry along their northern 
border a still narrow zone of the newest rock they contain, a zone which 
has been preserved ^‘because the fold involving that zone, and the re- 
versed fault to the north of it, were the companions of the upheaval of 
that zone from a condition of deposition; that is to say, the uppermost 
stratum had only just been deposited when it was folded and faulted, and 
so wrapped up with the older zone to the north that it was preserved from 
subaerial denudation/’ It is argued that if this was not so. if for instance 
the nummulitics had been covered by the N^hans and Siwdliks, and ex- 
posed to denudation before they were folded and faulted, the upper members 
would have been removed in places and left in others, and that when the 
faulting subsequently took place the irregular patchwork of strata resulting 
could not have been formed into the regular zones now observable. This 
argument, however, assumes that the deposits must have been elevated 
without disturbance and exposed to great denudation before the faulting 
took place. This is by no means necessary. The whole thickness 
might have been deposited over the nummulitics, and if the faulting and 
folding had gone on pari passu with the elevation an arrangement, ana- 
logous to that which now obtains, might have resulted from the different 
degree of elevation, and consequent different intensity of denudation, the 
different zones had undergone. It has been shown, on quite independent 
grounds, that this supposition is an improbable one, but there is no reason 
why the nummulitics of Garhwdl may not have once been covered by a 
great thickness of deposits corresponding to the upper members of the 
Sirmiir series further west, if not by part of the Ndhan group. Ihe regu- 
larity of width of the outcrop, its narrowness, and the absence of these 
upper members can be sufficiently explained by the high dip of the strata, ^ 
the narrow patches remaining having been preserved by their having 
been elevated to a lesser degree, and consequently less exposed to 
denudation, than the higher beds. 

But even if Mr. Middlemiss’ argument be admitted to its fullest extent, 
it does not throw the elevation of the Himalayas further back than the 
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commenceinent of the tertiary era^ for to the north of the fault, which 
bounds the nummulitics, we come to conditions so different, both strati- 
graphically and structurally, from those which obtain to the south that we 
can no longer apply the same arguments, and as will be shown presently 
the question of whether the existence of a land area, immediately north 
of the nummulitic outcrop at the time when these beds were being deposit- 
ed, can be admitted as evidence regarding the date at W'hich the elevation 
of the Himalayas commenced, depends entirely on the exact meaning we 
attach to these words. 

The second argument depends on the different degree of disturbance 
exhibited by the successive zones. As can be seen from the section, the 
beds in the outermost zone have undergone least compression, those of the 
next more, and so on. Mr. Middlemiss argues that this increase in the dis- 
turbance the beds of each successive zone have undergone, is the result of the 
successively greater periods of time during wiiich they have been exposed to 
the disturbing forces, and that the far more intense compression, to which 
the rocks within the innermost tertiary zone have been exposed, indicates 
that they have been exposed to pressure, during a period of time, which 
w^ould carry back the origin of the Himalayas far beyond the tertiary era. 
To this it might be answered that, even if the compression of every zone 
had been contemporaneous, it is natural to expect that its intensity would 
not be everywhere uniform, but would die out laterally, graduating from the 
zone in which it was greatest to that in which there had been none. 

It is, however, probable that, in the tertiary zones, the different degrees 
of compression exhibited by the successive bands is, to a large extent, the 
result of the different periods during wdiich they have been exposed to com- 
pression. And when we come to the far more intense compression ex- 
hibited by the older brocks, which, as descried by Mr. Middlemiss, have 
been cleaved and foliated by the intensity of the compression they have 
undergone, he himself affords an explanation, in the observation that the 
strike is often transverse to that of the tertiaries, indicating that the com- 
pression had not all been in a direction transverse to the course of the 
range.^ This diversTy of strike is appealed to as showing that the com- 
pression of the Himalayas was in part due to other, and older, directions of 
thrust than those which produced the folding of the sub-Himalayan and 
many of the Himalayan rocks. 


Here we are at once brought face to face with the question of what- is 
meant by the commencement of the elevation of the Himalayas. Seeing 
that the present state of the range i$ the result of a long chain of physical 
causation, each step of which was the inevitable result of all that went 
before, it is impossible to say what was the first origin of the Mirndlayas. 
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We may throw it back to the period when the earth first acquired a solid crust, 
or still further back to that primeval chaos from which, according to one 
hypothesis, the universe was evolved. But in this place the words are 
used in a much more limited meaning. If the limitation of the palmozoic 
and mesozoic deposits along the northern flanks of the snowy range repre- 
sents at all approximately the general limit of land and sea during their 
deposition, it might be maintained that the general course of the Himdlayan 
range had been determined in palaeozoic times, and yet the elevation of 
the Himdlayas in the sense in which the words are here used, might not 
have commenced till the dawn of the tertiary era. The further back in 
time we go the more difficult does it become to follow the sequence of 
cause and effect, and in speaking of the elevation Himdiayas only that 
final compression is meant, which caused it to rise as a conspicuous moun- 
tain range with the same limits and extent as at present, and the antece- 
dents which may or may not have been the direct cause of this result are 
excluded. 


Taking this restricted definition, the transverse strikes mentioned by 
Mr. Middlemiss, and the systems compression they indicate would not 
be connected with the elevation of tlie Himalayas or belong to the Himd- 
layan system of disturbance. 

It would be unnatural to suppose that the great area now occupied by 
the Himalayas bad in no part been exposed to compression, previous to 
the end of the mesozoic era, and it is noteworthy that the most conspicuous 
instance of transverse strike quoted by Mr. Middlemiss, where a north and 
south strike extends for sixty miles, lies on the continuation of the Ardvalli 
range. Now, without assuming, what there is no possibility of proving, 
that the Ardvalli range ever extended so far north, the supposition would 
explain how there might' an intense crushing of the older rocks, 
accompanied by a strike transverse to the general direction of the range, 
which was due to a totally distinct system of disturbance from that which 
produced the Himalayas. 

In this way we see how the 'crushing of the older rocks of the Hima- 
layas and the divers strikes they exhibit, which Mr. Middlemiss rightly in- 
terpreted to indicate successive systems of compression ranging over along 
period of time, may have been largely anterior to that final compression to 
which the elevation of the Hiradlayas is here restricted. 


Another opinion regarding the antiquity of the Himdlayas, which re- 
quires notice, is that recently propounded by Sir H. H. Howorth,^ who has 
gone to the opposite extreme and regards the elevation of these mountains 
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as having taken place almost, if not quite, entirely within the pleistocene 
period- This opinion appears to have been adopted in the first place 
to satisfy the requirements of Iiis theories regarding the entombment 
of the mammoth in northern Siberia, but is based principally on the 
supposed absence of any traces of glaciation in the Himalayas, as also in 
the Altai, Caucasus and Ural mountains, all of which are supposed to have 
been elevated within the pleistocene period. 

We have already shown that there is evidence of a former great exten- 
sion of the Himalayan glaciers, evidence which might be amplified to almost 
any extent, but the only instances, in addition to those already quoted, 
which need be mentioned here, are the glaciers on the Babeh pass, now 
barely more than a mile in length, which at one time extended at least 
fifteen miles and probably more, and the morraine recorded by Colonel 
McMahon on the southern slopes of the Dhaoladlidr, at an elevation of 
only 4,700 feet.^ 

The Himalayan glaciers, it is true, never spread over the low ground in 
great ice sheets like those of Europe, but there is reason enough for this 
in the thirty degrees of latitude by which the Himalayas are nearer the 
equator than the Alps, and in the much greater distance which separates 
the watersheds from the lowlands. In the Kangra valley, where alone the 
high mountains rise steeply from the low ground at their foot, there is good 
reason to suppose that the glaciers once reached to below 2,000 feet abov^e 
the sea,^ And the erratics of the Potwir^ show that ice in large quanti- 
ties was not unknown there at one time. As it is out of the question to 
suppose that even in the glacial period these glaciers could have origi- 
nated at low altitudes, the only possible conclusion is that the mountains 
must then have had very much their present elevation. 

Another argument for a greater age of the Himalayas is the time re- 
quired for the excavation of the great river valleys. Sir H. IL Howorth 
avoids this difficulty by denying that the valleys are the work of the rivers 
that flow through them, but it is impossible for any one who has studied the 
action of subaerial denudation not to see tliat the forms of the hills and 
their intervening valleys are due to the action of rain and rivers, aided by 
frost. A glance at the photograph so admirably reproduced in the frontis- 
piece of this volume will show to the initiated eye that the shape of the 
mountain is due to the disintegration of the rock by frost and the removal of 
the debris from the hollows by streams and glaciers, and not to any disrup- 
tive force. Even if we could acknowledge that the courses of the drain- 
age were in the first instance determined by fissures, a long period of time 
would be required for the opening out of the valleys and the removal of that 
vast'tnass which the be|sf‘ of the Siwilik series tell us was brought down, 
front '• ■' • 
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These arguments would be sufficient to show that the Himalayas must 
have existed as a mountain range previous to the glacial period at any 
rate, but it is not necessary to appeal to them, for the evidence of the 
pliocene sub-HimSlayan deposits shows that the range must then have bad 
very much its present elevation, with the main features of the existing 
drainage system already marked out. 

The close agreement in the results attained by the several distinct 
lines of purely geological reasoning, and that derived from the pecu- 
liarities of the living Tibetan fauna, gives a very strong presumption in 
favour of the correctness of the conclusion arrived at, and discredits at once 
the hypotheses of an older or a later date for the origin of the Himalayas 
than here maintained. There seems, however, to be this much truth 
in Sir H. H. Howorth's supposition of the recent rise of the Himalayas, that 
their elevation, if not still in progress, has only recently ceased, and that 
they are probably now somewhat higher than they were during the glacial 
period. 

The evidence pointing to this is of various kinds. There is, firstly, the 
natural presumption that the mountains whichmow form the most elevated 
peaks of the world cannot be in a state of decadence, and as there' is no 
such thing as rest in nature, that they must be still growing. Then 
there are two recorded cases^ where a differential movement of the oppo* 
site sides of a fault has taken place at so recent a period as to cause 
interruption of the minor drainage courses, and to exhibit itself as a distinct 
rise in the surface of the ground, which has hardly been modified at all by 
denudation. These earth movements show that the Himilayas are still 
in a state of strain, and we may naturally conclude that this strain is due 
to the compression which has caused their elevation. 

Better evidence is yielded by the sub-recent fossil fauna of the Hundes 
plain. It was formerly believed that this faup was tertiary, the presence 
of a rhinoceros was supposed to indicate that the deposits must have been 
formed at a very much lower level than that at which they are now found, 
and that they had subsequently been elevated several thousand feet without 
any discernible disturbance. The incorrectness of the first supposition has 
already been shown.^ The last is one that cannot be granted, and as regards 
the second, the presence of the peculiar Tibetan genus Pantholops out- 
weighs the evidence of the rhinoceros. It is true that a rhinoceros could 
not exist on the present plains of Tibet, not on account of the cold, for the 
Tibetan species may well have been protected from that by a thick coat of 
fur, but on account of the impossibility of its piclqng up a living from the 
scanty vegetation of these arid plains. It must not be forgotten, however, 
that there would almost certainly be shallow lakes ^ swamps, when these 
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deposits were being formed, and at the present day the river valleys of 
Tibet, even at a height of over 13,000 feet, can under such circumstances 
support a growth of grass and shrubs which could easily have given sus- 
tenance to the rhinoceros of Hundes. This animal in any ease shews that 
the climate of Hundes must have been somewhat milder than it now is, and 
as there is little difficulty in supposing that these deposits may have been 
raised 1,000 to 2,000 feet without any appreciable disturbance, though it is 
impossible to grant an elevation of iO,ooo to 15,000 feet, we may well sup- 
pose that this increased inclemency of climate is partly due to the desicca- 
tion resulting from the change of condition of the rivers, from deposition to 
erosion, and partly to an increased altitude of the plains and of the moun* 
tains south of them. 

The gradual desiccation of the Tibetan lakes points to the same con- 
clusion. There are no data available regarding the rate at which this is 
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mediately above it. A similar action might well, under favourable circum- 
stances, give rise to the formation of an actual lake, while the existence of 
an exit would depend on the rapidity of the movement, the supply of 
water, and the nature of the climate. Whether such has actually been the 
case or not, there have certainly been irregular movements of the beds of 
the streams and rivers within what is, geologically speaking, a very recent 
period, and these irregular movements can only be regarded as evidence 
that the disturbance which caused the elevation of the Himalayas is still in 
progress. 

Thus, from whatever point of view we look at the subject, we see that 
the decadence of the Himalayas has not yet begun, but whether they have 
yet reached their maximum development is not so clear. There are no 
data from which we can decide whether the rate of elevation in the imme- 
diate past has been greater than at present or no, but looking to the 
general indications, throughout the world, that the great earth movements, 
which caused such profound changes in the form and distribution of 
land and sea during the tertiary period, have reached their close, and that 
the present is a period of comparative quiescence in the history of the 
earth, we may suppose that the chapter devoted to the elevation of the 
Himalayas is reaching its close and that they soon will enter on their 
decay. 

There remains one more point to be referred to before finally dismissing 
the subject of the origin of the Himdlayas, and that is the supposed con- 
nection between mountain ranges and sedimentation. The enormous 
thickness of sedimentary deposits seen in the sections exposed in moun- 
tain ranges has been frequently noticed, and by many observers their ac- 
cumulation has been regarded as the immediate precedent, and proximate 
cause, of the mountain ranges. It is, however, doubtful whether in this 
case cause and effect have not been confused. Sedimentary accumulations 
of great thickness are known elsewhere than in mountain ranges, but it is 
only where the beds have been turned up at steep angles and extensively 
denuded that their thickness becomes conspicuous, and it is only where a 
great thickness of sediment has been previously accumulated that moun- 
tains can be formed of stratified deposits. Otherwise the underlying 
crystalline and metamorphic rocks will soon be exposed by the denudation 
which is always much more active in mountain ranges than in more level 
ground. The subject is, however, of sufficient importance and interest to 
make it necessary to inquire whether there is any indication of a con- 
nection between the- present position of the Himalayas and the distribution 
of the sedimentary deposits which preceded its elevation. 

the north-west Himalayas there is a great series of sedimentary 



deposits, ranging throiigb the pateozoic.-and, mesozoic eras, which represent 
long periods of accunnilatioo of sediment in enormous thicknesses of strata. 
Here there is a distinct temptation to regard the inoiuitain range as the 
result of this vast accumulation of stratified deposits, but as we trace the 
range to the eastwards difficulties come in. 

The zone of marine deposits found north of the line of highest peaks 
in that part of the Himalayas which has -been accessible to exploration 
has been referred to, as well as the; non- recognition of these brxk south of 
the main range. How far the same' distribution holds good further east 
it is impossible to say with certainty, but we know that Jurassic and 
cretaceous fossils have been obtained from the region north of the hills of 
Nepdl and Sikkim and the discovery of sedimentary strata of unknown, 
but probably tertiary, age near the Cholamo lakes seems to indicate that 
the same parallelism between the boundary of the sedimentary deposits 
and the line of highest peaks prevails at least as far east as Sikkim. 
Whether the present limit is in the main due to an original limit of de- 
position or to the effects of disturbance and denudation is for the moment 
unimportant. 'Hie absence from the main range and the hills to the south 
of them, so far as is known, of any extensive series of sedimentary strata 
later than older palaeozoic or even older, precludes the idea that the eleva- 
tion of the range was immediately consequent on a great accumulation of 
strata. 

In the eastern Himdiayas our difficulties are still very great owing to 
the scanty observations available. The only sedimentary deposits that 
could possibly be marine, or that have any great thickness, are certainly 
long anterior to the carboniferous in age, and these occupy a very 
small area in comparison with the great expanse of crystalline schists, 
gneisses and granites. But there are some small patches of coal bearing 
Damuda rocks, which have been recognised at several spots along the 
outer edge of the Himalayas, and are important as showing that this re- 
gion was dry land, at the close of the palaeozoic era, when marine forma- 
tions many thousands of feet in thickness were being deposited in the 
north-west. It is not possible to say that no marine strata of later date 
than permian exist in the eastern Himalayas, but it may be taken as 
tolerably certain that, if present, they cannot be of a very great extent 
or thickness, and this portion of the Himalayas appears to have been a 
land area continuous with that of the Peninsula throughout the secondary 
era, such interruptions of continuity as there may have been, if there were 
any at all, being of minor importance and only temporary. But though this 
portion of the Himalayas was a land area, there is no reason for supposing 

was a mountain range at these, eairly periods; the great height of the 
. snowy .suggests ^ that their 'iipheny^ mnst have been comparatively 
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ascribing a much earlier date to this portion than to the rest, which it has 
been shown could not have existed in its present form in the secondary 

era. 

In view of this divergence betweeii the eastern and western portions 
of the range, it is impossible to attribute the rise of the Himalayas to the 
sedimentation in what is now its north-western portion, and we must look 
to some more wide reaching and deep seated cause for its present position 
and course— a cause which was independent of and able to obliterate long 
standing structural features and to introduce new lines of separation 
between areas of elevation and subsidence* 


CHAPTER X!X. 



Geological History of the Indian Peninsula. 


Earliest periods— Origin of Ar^vallisand East Coast — Mesozoic Indo-Afriran continent —Origin 
of the West Coast ami Western GMls*. 



The previous chapters of this book have principally been devoted to the 
stratigraphical description of the various rock systems of India, and though 
reference has been made in the course of this description to changes in 
the distribution of land and sea, and to the earth movements which have 
marked out the salient features of Indian geography, such rch^rences have 
necessarily been somewhat swamped by other nialter. This chapter will 
consequent!) be devoted to a brief resume of the geological history of 
India, of those changes of land and sea through which it has reached its 
present form. 

The earliest stages of the geological history of India, as of all other 
history, are wrapped in obscurity. Dimly we can discern an old land 
surface composed partly of a very ancient granitoid rock, which had even 
then solidified, been penetrated with quartz veins and trap dykes, and 
exposed to extensive denudation, and partly of later rocks, themselves the 
product of the denudation of the granitoid gneiss. From the w^aste of this 
land surface the rocks of the Dhdrwdr system were formed, in a sea where 
volcanoes poured forth their lavas and ashes, much as at the present time. 
But whether any living thing was to be found in this sea, or whether the 
earth was still unfit for the support of either animal or vegetable life, it is 
impossible to say. 

1 hese Dhdrw<lr deposits were in their turn compressed, contorted and 
exposed to great denudation before the commencement of the Ciidclapah 
epoch, but it IS impossible to trace even approximately the changes of dis- 
tribution of land and sea during this earliest period of the geological 
history of India. 

, ^ With the commencement of the Cuddapah epoch, some definite indica- 

^ ,, tion of the distribution of land and sea appear# All Southern India, south and 
; w^st of the Cuddapah and Kalldgi basins. appears to have been dry landj 
( . sea spread out to the east bvef of the present Bay of Bengal, and, 

' to, the nbttb oyerydjat ire now„ihfe;i|ii^^|s'ddmioi0ns and the Central Brov- 
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inces. The exact limits of this sea cannot be defined with accuracy, western 
Bengal and Chutid Ndgpur were probably dry land, and this rock area 
probably stretched to the north-east over the Gangetic delta, to Assam and 
the eastern Himalayas. In Bundelkhand there was dry land, to the south 
of which the Bijdwar sea spread to the valleys of the Narbadd and the 
Son but had probably been obliterated by the time the Cuddapahs were 
deposited, and at a later period a fresh depression admitted the sea to the 
north-west of Bundelkhand, in which the beds of the Gwalior system were 
deposited. 

Nothing IS known of the early geological history of the great area 
covered by the Deccan trap, nor of what was going on where llse Hima- 
layas now stand, or where the Indus and Ganges rivers have spread their 
alluvial plains. In fact, what with complete want of information regarding 
the greater portion of the. area, and the incompleteness of that available 
regarding the rest, the conclusions that can be drawn regarding these 
earliest periods of the geological history of India are of the most meagre 
description. This much, however, seems certain that none of the leading 
features of Indian geography of the present day had been marked out, none 
of the mountain ranges had arisen, none of the great river valleys had com- 
menced, and the distribution of land and sea was very different to what we 
now see. 

The close of the Cuddapah epoch appears to have witnessed the com- 
mencement of the earliest of those earth movements whose effects on the 
surface contours and geography of India are still prominently noticeable. 
It was then that the great mountain range, of which the present Ardvallis 
are but the wreck, was raised, and extending far beyond its present 
limits, stretched across what is now the Gangetic plain, possibly even to 
the Himalayas. At the same time another zone of contortion was formed 
running along the south side of the Son and Narbadd valleys, which was 
probably marked by a range of mountains or hills, not rising to the same 
height or importance as the Ardvallis, and bearing much the same relation 
to tliem as the hills west of the Indus alluvial plain do to the Himalayas 
of the present day. 

To the same date must probably be ascribed the zone of contortioB 
which runs along the eastern margin of the Cuddapah basin and can be 
traced northwards to the Goddvari valley. 

These three zones of contortion, whose disturbance took place during 
the Vindbyan epoch, and must once have been marked b) mountain ranges 
much more important in size and elevation than their remnants at the 
present day, seem to be due to the last great movement of compression 
which has affected the rocks of the Peninsula. Since then the disturb- 
ances have principally taken the form of movements of elevation and sub*- 
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sidence, only to a comparatively minor extent accompanied by compres- 
sion of Uie rocka, and it is interesting to note that the earth movements of 
this period have still their influence on the limitation of the Peninsula. 

On the north-west the Aiiivallrs have remained the boundary of the 
peninsular land area. West of them the great desert of western Rai- 
putana was alternately land and sea through long ages, but the sea nevi 
spread east of the barrier of the Ardvalbs. On the south-east the bend 
o the east coast north of Madras follows too closely the genera! course 
of the Nallamalai range for the connection to be accidental and as we 
know that from the jurassic period to the present day the position of the 
coast has been practically where it now lie.s, we may naturally conclude 
that Its course had been laid down at an even earlier period, contempo- 
raneous y witi tne great Vindhyan epoch of disturbance. In the course of 
ages tlmre have no doubt been alternate elevations and depressions of the 
land, at times it has encroached on the sea, at times the sea has flowed 
over what ,s now dry land. But the fact that the only marine deposits 
in this part of India are confined to the neighbourhood of the coast, their 
small thickness, the manner in which they thin out away from the sea, 
and the character of the rocks, indicate that when they were formed the 
shore hue could not have been far off, and point to a persistence of 

""" geography 
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in LmH! Th ^ ® ascribed, but what this age is 
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the climate. The great Gondwdna era opened with a period of exception- 
al cold. The Peninsula was a land area over which many large lakes were 
probably scattered, while on land there were glaciers flowing down 
into these lakes, and into the sea which covered part of the great Indian 
desert, the north-west Punjab, and a very any large portion, if not the 
whole, of the area occupied by the Himalayas west of the Ganges valley. 
The same sea appears to have stretched westwards 4:0 the furthest boun- 
dary of Afghdnistan, and it was continuous in some way with that 
which flowed over eastern Australia. It is not clear whether this com- 
munication was round the south and west of the Peninsula or round the 
east and north. We know from the evidence of the Salt range fossils 
that after the glacial period there was an irruption of European forms and 
a complete change of type of the fauna; this period was one of extensive 
changes of land and sea when vast areas in South Africa and Australia 
were converted into dry land, there is consequently a possibility that sea 
stretched south of the Indian peninsula and the close affinity of the 
two faunas is more in favour of this direct communication, than of one 
round by the more circuitous route round the north of the peninsular 
area, which seems at that time to have extended much further to the north- 
east than it now does. At the close of the Jurassic period the Indian 
peninsula was still dry land, the east coast was not very far removed 
from its present position, and on the west the sea flowed over Cutch, the 
Indian desert and the north-west Punjab and central Himalayas. It is 
not possible to say whether the north-easterly extension of the peninsular 
area over Assam was still dry land, but the land connection with Africa was 
still maintained. Still the presence of some eastern species in the western 
sea shows that there must have been either a temporary and direct, 
or more permanent and circuitous, connection between the two. If 
the first of these explanations is the correct one there may have been a 
temporary subsidence, by which the land communication between Africa 
and India may have been severed for a time, and certain forms of life 
enabled to cross from one marine province to the other. The alter- 
native explanation would be that the form which is common to the two 
areas, being an abundant and wdde ranging one, was endowed with great 
powers of spreading, and reached the western sea round the north-easterly 
prolongation of the Indian peninsular land area. 

In the cretaceous period* the land connection with Africa was still 
maintained, the eastern coast line of the continent ran not very far from 
the present east coast of India, across the Ganges delta, and along the 
south side of the Assam hills. On the west of India a different sea flowed 
over Arabia and the Arabian Sea and extended inland at least as far as 
Birwai on the Narbada. Sea also flowed over the hilly country west of 
the Indus alluvium and over Tibet. . 
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The close of the cretaceous period witnessed that grea outburst of 
volcanic activity which buried the %vhole of tvestern India deep in lavas 
and ashes, and extended from Sind on the one hand to RajSmahendri on 
the other. It is not improbable that this great outburst may have been con- 
nected, as it was probably contemporaneous, with the commencement of 
that great series of earth movements which resulted in the elevation of the 
Himalayas and the extra peninsular mountain ranges generally. But how- 
ever this may be, the lava flows must have obliterated ail the pre-existing 
surface features and the origin of the main features of the drainage system, 
of the northern part of the Peninsula at least, cannot be ascribed to an 
earlier date than the close of the Deccan trap period. 

In the tertiary era we find no further evidence of a land connection 
with Africa; at an early period the west coast was approxinjately in its 
present position, and it is probable that at the clcse of the cretaceous or 
commencement of the eocene period the great Indo- African continent was 
finally broken up, and all but the remnants in India and South Africa sunk 
finally beneath the sea. 


The eocene sea flowed over western Rajputdna and the Indus valley 
to the west, over a large part of Baldchistdn and Afghan istdn, and over 
the whole of the north-west Punjab and the outer H.-malayas as far east 
as the Ganges river. We do not know if this sea stretched eastwards to 

the north of the Peninsula til! it joined that in which the nummulitics of 

Assam and Burina were deposited, but on the whole it more probably did 
not. Sea also flowed over the central Himalayas and was probably con- 
tmuous with that just referred to, across the north-western^ termination 
portion of the range. 

One of the first effects of the great series of earth movements which 
resulted the formation of the monntain „,ge3 of cntr, penSnt; 7 .d a 
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fieci by subaerial denudation was noticed, as well as the odcut'rence of a 
land shell closely allied to a marine fo^m. ' But though the ^ea may once 
have washed the foot of the ghdts, it is impossible to grant that they owe 
their origin entirely, or even largely, to marine denudation. Marine 
denudation works slowly on hard rocks, and during the ages that would have 
been required for the sea to carve the low lands of the Konkan out of the 
Deccan trap, it is inconceivable that the rivers would not have cut their 
valleys much further back into the scarp than they have done. It is far 
more probable that the main features are due to late tertiary earth move- 
ments, and the great rock basins of the Narbadi and TApti valleys show 
most conclusively that there has been a movement of elevation to the west, 
w’hich Certainly checked and may even for a time have interrupted the 
flow of those rivers, while the ground along the foot of the ghdts has not 
been closely enough examined either to prove or disprove the hypothesis. 

Whatever may have been the cause of the origin of the Western Ghdts, 
the present easterly tread of the peninsular drainage must be an ancient 
one, for had there been any considerable rivers flowing to the west they 
would have preserved their channels, or if the movement had been suffi- 
ciently rapid to reverse the course of the drainage, deep gaps would have 
been left to mark their former course. There is only one such gap, the 
P^lghdt, north of the Travancore hills, and it is possible that a river may 
once have flowed westwards through this, whose drainage was reversed by 
the earth movements which raised the Western Ghdts, leaving the lower 
part of its course to be occupied by a much smaller stream, while the bulk 
of the drainage was diverted to the east. With this possible exception it 
is probable that the main features of the peninsular drainage, the two great 
westerly flowing rivers to the north, and the series of easterly flowing ones 
further south, were marked out at the close of the Deccan trap period. 

We see then that the origin of the west coast of India dates from the 
middle of the tertiary epoch or a little earlier, when the dry land which 
stretched westwards into the Arabian Sea was depressed, and at the same 
time that to the east was elevated to form the Western Ghits, the most 
recent and also, perhaps more correctly therefore, the most conspicuous 
feature in the geography of the Indian F^eninsula, 
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« 


26 

8 

67 

56 

409. 

287. 

Borobhum 


. 

• 


23 

2 

86 

25 

63. 

Brahmandbdd 


. 

* 

; • • 

■■ 25 - ■ 

53 

68 

49 

452. 

Brabmani R. 



. 


23 

... 

. ' 0 1 

84 

55 

,162. 

Brahmaputra IC 



• 

• 

26 ■ 

20 

92 

0 

45 > 332. 427, 43 L 439 ‘ 

Brabuik H. 



* 


2 Q 

0 

66 

40 

8. 

Broach . 




. 

21 

43 ^ 

73 

2 

282, 300, 407, 412, 416. 

Budavdda 



» ■ 

. 

15 

51 

80 

12 

181. 

Bugaoti R. 

- 

♦ 



25 

5 

82 

48 

436. 

Bugti H. \ * 


. 

• 

• 

29 

0 

69 

0 

8, 318. 

B'ukkur 


. 

- 

• 

27 

43 

68 

56 

452- 

Bulsdr • 

. 


. 

• 

20 

36 

72 

59 

409. 

Bundelkhand 

¥ 




25 

0 

79 

0 

24. SI. 96. 104. 279. 372. 

Bundi . 





25 

27 

75 

41 

375 . 382, 436, 491- 
103. 

Biarbdnpur » 

• 

• 


• 

,■21, 

19 

76 

16 

396. 411. 

Bufikhel • 




■' ♦ 


,43 ’ 

7 ^ 

48’ I 

UK 

>Byangyi ^ 

ft i 


ivf"ri 

■» ;« 


iS' ' , 

94 

ri 

46 

18. 









■ ,■ '' 5 '' '* 

’ 7 y Oi' I 





iPI 

iHil 
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GEOi OGY OF INDIA 



Latitude. Longitude. 


Gacliar"*'^ v ' 
Calcutta , * 

Callgiidi , 

Cambay 

Candahar, see Kandahar. 
Cauvery R, ■ ; / 


Cawnpore 

Chdibdsa 

Chakrdta 

Chamba 

Champaner 

Chanar , 

Chdndd . 


Chandernagore 
Changchengmo R. . 

Chdri * , 

Chdrii * * 

Chdrwar H. , 

Chebu , , 

Chediiba I. , 

Ghela , , 

Chendb R. * , 

Chengalpat , . 

Chenpura * 

Cherra Punji , 

Cheyair R. 

Chhatisgarh , / 

Chhattarkot * 
Chhindwara . 

Chhota Udaipur . 

Chichali H., see Maid^ni, 
Chichdli pass , , 

Chidru • * , , 

;€hlkMla : % 





GEOGRAPHICAL INDEX, 


Latitude, Longitude. 


Chikkim H. ^ 

(Jhikniyakanhalli . 

Chilkd L. . . * • 

Cbilpi gbit «... 
Chimur . » * • » 

{'htndwin R. • » •• » 

Cbiniot . . . . ^ 

Climna Tirupad 
Cbirakhan . . t, . 

Chitaldrug . * * . 

Chitarkot , • ^ . 

Chitof . . » • • 

Cbktagong . . . - 

Chittapahir H. . * 

Cholatno U . . , ♦ 

Chopra . . • * 

Chor H. . ... 

Cliorar I 

Chota Nagpore, see Chittia Niigpw, 
Chotiali .... 

Chunar, see Chanar, 

Churna L . • • * 

Chutia Nagpur 

Coca?iada , . • * 

Cochin 

Coleroon . • * ♦ 

Colgong .... 

Coimbatore .... 

Comorin, Cape 
Cossyab H.^see Khasi H. 
Cuddalore 

Cuddapah . . • 

Cumbuin .... 

Catch . • * • 


Cuttad 




GE;OL'OG¥;; 



Latitude, 


Lougitttiie. 


Dabrai , 

Dadu , 

Dagshai 

Dahihanda 

Dalhousie 

Baling . 

Dallipiir 

Dalmd H, 

Daltonganj 

Daman 

Dambal 

Damdama 

Damodar R, 


DapbU H. . , . 

Darjiling 

Dehri * . . , 

Dehra Dun 

Delhi . , . ’ 

Denodhar H, 

Denwa R. , 

Deoban H. , 

DeokalH 
Deola , 

Dera Bugti 

DeraGhazi Khan . 

Dera Ismail Khan . 

Devala , 

Dewalmari 
Dhamni 
D banes wari R. 

DhankuaH, * 

Dhansiri. sie Dhaneswari R, 


42, 45, 76. 46S, 


310, 

292. 
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I*atitude, Longitude. 


Dbdola Dhar 
Dbar 

Dhar Forest 

Dharampur 

Dhararah 

Dhariawad 

Dharwar 

Dhasan R. 

Dhaulapani 

Dhawara 

Dhosa 

Dibrugarh 

Dihing R. 

Dindjpur 

Disang R. 

Dohad . 

Doigrung R, 

Dongargaon 

Drds 

Dubr^jpur 
Dudatoli H. 
Dudkur 
Dulchipur 
Dunghan H. 
Dv^arka 


Ediabad 

Elephant point 

Ellichpur 

Eliore . 

Enchapalli 

Enchardm 

Eshwarakiiparu 







l-atitode, 


Fateh jang 
Ferozpiir 
Foul !. , 
False I. . 


Gad4ni , 
Gddawdrd 
Gaira H. 

G^j R. . 
Gundahari H, 
Gandak 
Ganges R, 
G^ngta 
Garhwdi 


Giro H* 

Garudaniangalatn 
Gatparba K. , 
Gauhdti 
GauU . 

Gayd , 

Ghaggar R, . 

Gbansura 

Gha^ipur 

Gidhaur 

Gilgit 

Oirnar , 

Giunnai , 

Goa 

Godlpard . 
Goddvari R* , 
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Latitude. 1 Longitude 


Gokik . 
Goldg-hdt 
Golapilli 
Goona * 
Gooty 
G ondicotta 
Gopat R. 
Guj^rdt 
Gujri 
Gulcheru 
Guntur • 
Gwadar . 
Gwalior . 


24 52 66 42 306,309. 

17 22 78 30 33,261,265,411. 

25 23 68 25 453. 

28 o 70 o 450. 

25 48 68 27 312. 

23 20 69 51 218, 220. 

30 29 67 24 293. 

22 28 77 2 53, 39S. 

32 47 79 4 460. 

22 45 77 2 256. 

22 21 77 8 54, 398. 

22 2 74 45 396. 

34 0 72 59 116. 

33 49 72 45 I3S- 

72 >2 74 33 2 '3- 

34 3 73 14 116. 

24 28 98 46 18. 

34 9 73 15 43. 138. 229. 352. 

m 5& 8^ 25 3« 30. 3L 62, 134, 166, 177, 

*r-'|^'-:[.9^'32,. ' 'i47>337,423. 


Hab R. 

Haidarabad . 
Haidardbdd . 
Hakra R. * 
Hala . 
Halamdn H. . 
Hamad un 
Handid 
Hanie , 
Harangaon . 
H arda . 

Harin Pal • 
Haripur 
Hasan Abdal . 
Hatni R. 
Haveliyan 
Hawsbuenshan 
Hazara 
Hazdribdgh . 
Henzada - '' 1' 


lUillfllllllif 


GEOLOGY OF INDIA. 



Latitude. 


LoRgitude, 


Herdt . 

Hindaun 

H indub agh 

Hindu Kush 

Hingir 

Hinglaj 

Hingoli 

Hiran R. 

HlwaR. 

Hoshangabad 

Hothian Pass 

Hughii R. 

Hukong 

Hundes 


Hurnai 

Hutar 


Indargarh 
Indore . 
Indrawati R, 
Indus R. 


Inikurti 

Innapdrazpdlayam 
Irawadi R. 
Irlakonda 
Iskardo 


Jacobdbdd 

T ao'P’avvao 


GEOGRAPHICAL INDEX. 



Latitude, 


Longitude. 


Jalntia H. 
Jaipur . 
Jaisalmer . 
Jakhiuari 
Jalna 

Jamalamadugu 
Jambughora 
Jam fra Pat 
Jamkbandi 
Jammu 
Japvo , 

Jarra 
Jashpur 
Jaunsar 
Jehlam 
Jerruck 
Jessor . 
Jhalra Pdtan 
Jhand 
Jhansi 
jharid . 
Jhilmilli 
Jind . 

Jobat 
Jodhpur 
Jowai 
Jumna R, 

Jura H. 

Jutogh . 


92 15 296, 334. 

3^ 4> 375' 

70 57 227, 308, 455, 

67 56 287, 289. 

75 5 ^ 19, 402. 

78 26 85. 


23 24 83 55 157, 

29 19 76 23 72. 

22 27 74 35 40,51,54, 

26 17 73 4 74,106,430,455. 

25 26 92 16 296. 

29 15 77 10 436, 446, 450. 

23 23 69 36 218, 220. 

31 6 77 10 134, 


Kabaung R 
Kabul . 
Kach 
Kachao H 
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Latitude, 


Kacbaoda 
Kafiristdn 
Ragin . 
Kdimur H. 
Kakindiya 
Kalabagh 
Kalddgi 
Kaiahandi 
Kalapani R, 
Kaliana 
Kaliani . 
Kdika . . 

Kalu R, 
Kalyan * 
Ka-ma . 
Kama met 
Kamatki ghat 
Kdmthf . 
Kanara . 
Kandahar 
Kdngra 
Kanhdn R, 
Kanhar R. 
Kanni , , 

Kentkot 
Kapil i R. , 

Kappatgod 
Kapra , , 

Karachi , « 

Karakoram ran 
Karali H. * 

Karanpura 
Karauli * 
Karchat * 

Karen-ni , 



GEOGRAPHICAL INDEX, 












Latitude. 

Longitude. 

Page. 







0 

. 7 :'. 

0 

1 


Karharbarf 






24 

10 

86 

20 

160, 164. 

Karnul . 




. 

' ,« .. 

15 

50 

76 

5 

35, 40, 86, 89, 395. 

Karo R. 


■ 9 




22 

12 

74 

10 

266. 

Kartse . 


t 


. 


34 

16 

76 

0 

132. 

Karwf . 




. 


25 

12 

80 

57 

94 . 97 - 

Kasakanahal 


* 

• 

• 


i6 

31 

76 

39 

88. 

Kasauli . 




• 


30 

53 

77 

I 

350 - 

Kashmfr 


V 


. 


34 

6 

74 

51 

41, 44, 1 16, 134, 420. 

Kashmor 






28 

26 

69 

36 

IS 34 S 438. 

Kasom H, 


* 




25 

0 

94 

43 

334 - 

Kateru • 


• 


. 


17 

3 

81 

48 

268, 270. 

Kdthidwdr 




4 


22 

20 

70 

55 

189, 253, 259. 279, 323, :!9S, 











408, 409, 412, 416, 454. 

K^tikela 






21 

47 

84 

9 

33 - 

Katrol . 




• 


23 

12 

69 

50 

221. 

Katta 




• 


32 

31 

72 

30 

122. 

Kau-ran*gyi 






16 

31 

93 

48 

340 - 

Kavhad 




• 


32 

27 

72 

II 

II I. 

Kawant , 






22 

6 

74 

5 

253 - 

Kayal . 




. 


8 

38 

78 

10 

13 - 

Keantali 




: . ■ 


18 

0 

94 

34 

397. 338- 

Ken R. . 




. 


24 

22 

79 

20 

52 , 59 , 94 , 97 - 

Khdibar Pass 




. 


34 

■ 5 ■ 

71 

. 8 

141- 

Khaiiemurut H. 





33 

28 

72 

50 

3 S 3 - 

Khairgaon 






19 

49 

79 

15 

158. 

Khairpur 

«. ' 





28 

, '3 ' 

69 

44 

451 - 

Khalsi . 



• 

. 


34 

20 

96 

52 

345, 347 - 

Khandesh 

t 

■ ".f ■ 




20 

54 

74 

46 

261, 278, 396, 398. 

Khdnpur 

• 

* 


• 


33 

49 

72 

55 

u 6 , 139. 

Kharakpur 

• 

• 




25 

7 

86 

35 

S 9 , 37 S 

Kharir L 

« 

* 




'23 

52 

70 

22 

218, 220, 321. 

Khasi H, 

* 





25 

34 

91 

55 

60, 150, 246, 296, 329, 332. 

Khattan 

« 

• 




29 

34 

68 

29 

291, 293 , 3 ' 24 , 3 '’ 7 - 

Khelat « 

« 





28 

53 ,. 

66 

28 

143, 292. 

Kheriy . 






27 

'12 , 

77 

■,is ; 

69. 
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Latitude. .1 Laiigityde. 


Khlsor H. 

Khuln^ . 
Khiindghat 
Khwaja Amran H, 
Kliyber, Khaib^ 
Kim R. . 

Kira H. 

Kirana H. 

Kirta 

Kirthar H. 
Kishengangi R. 
KistmR, 

Koari Bet 
Kohat . 

Ko.hima 
Koilath . 

Koil Kuntla 

Kolamnala 

Koldr 

' Kopilas H. 

K<)rba * 

Kori R. , 

Korkai . 

Kosi R, . 

Kota ■ 

Kotasir . 

Kotri 
Krol H. 

Kubo 

Kuch Debar , 
Kuchri . 

Kuling . 

Kiilu 

Kiiiriaun 


453 « 

253»3'A3>2.3'S. 423, 
»33. 13L 
9. 423- 


43.117,349.464.466,469, 


: 480. 

A 84. 86. 




geographical index. 


513 



latitude, 


Longitude, 


Kiiram R, 
Kyaukpu 


Laccadive L 
Ladakh . 
Lddera • 
Lahore . 
Lairangao 
Laisophlang 
Lakhi H. 
Lakhpat 
Lamet 4 ghat 
Larkhana 
Leh 

Lenya R. 
Lhasa . 
Lilang , 
Lintzithang 
Lodai 
Lokapur 
Lokhzung H. 
Londr , 
Long Island 
Luckeeserai 
Lucknow 
Ludhidna 
Luni R, . 
Luni Pathdn 
Lus 

Lynyan . 


34 10 77 40 44,460,461 

26 3 78 24 105. 

31 34 74 21 428. 


35 10 79 40 294. 

19 59 76 33 19 * 

16 15 94 40 337* 

25 a: I 86 9 59. 

26 52 80 58 432,47^- 

30 55 75 53 428, 

2^ 35 72 35 430.457* 

30 to 69 40 305. 

25 20 66 45 22. 

25 39 68 12 303. 


Mach . » 

M a dan pur 
Maderapaucum 
Madhupur 









OF INDIA 


Latitude, 


Madras 

Madura 

Mabdbaleshwar 
Mabdbalipur * 
Mabdbar H. . 
Mabaddyi R, 
Mabadeo 
Mahadeva H, 
Mahdnadi R. 
Mabinadi R. 
Maharajpur • 
Mabendraganj 
Maher . 
Maheswar 
Mdbuigarhi H. 
Mai-f , 
Maidanf H. . 
Main Pdt 
Mai wand 
Makum 
Maldni , 
Maidive I. , 
Maleri . . 

Malkapur 
Malparba R. 
Malwan , 
Mdmand 
Man R. 
Manbbum 
Mancbhar Lake 
Mandalay 
Mandar H. 
Mandia . 
Mandogarh . 

J 
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I.Atitnde, 


Longitude. 


Manga Pir sec Fir Mangho, 
Mangli .... 
Manimalai 
Manipur 


Mansurah 

Maobehiarkcir 

Maosniai 

Marai . 

Maraura 

Maravatur 

Mari H. 

Markka R. . 
Marot . 
Marpanmadi 
Martaban 
Mashalak H. 
Maski • 
Masulipatam . 
Matabhanga R. 
Matapenai H. 
Mathar » 
Matheran 
Ma-tiin . 

Maul main 
Mauphlong 
Meerut . 

Meghnd, R. . 
Makalgandi ghat 
Merakal 
Mergui . 

Mid nap ur 
Milam . 

Minbu . 
Minet-toung . 
Min-gyi, ; 
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Latituils;* I^sngirU'le, 


Mfrzapur 
Mogouk . 

Mohan R. , , . 

M'jhar * . , . 

MohpaTii 
Moir^ H. 

Molim, see Myllim. 

Mo mien . * . . 

Monghyr « * 

Monze, Cape , 

Mor E. . 

Moran R. . • . 

Morar • • « * 

I^Iortaka • 

Motur • . » • 

Mugger Fir, see Vk Mangho. 
Muhammadpur 
Mill ... . 

Mulakhel • « . 

Multan .... 
Mungi .... 
Murree .... 
Murshiddbdd . 

Murtazapur • 

Musakbcl 

Mussooree , , 

Muth .... 
Miitli R. . . . 

Myanaung . * 

Myitmakha Khyoung 
Mylljm .... 
Mysore .... 


]M%£ tl. 


8 . 335 . 494 . 
454 . ■ ^ 
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Latitude, 


Longitude, 


N%an No^e 
Nagode • 
Nagpur , 


33* 1^8, 262, 264, 26S, 

280, 374, 402, 413, 

35^, 358, 4^* 

m- 

408, 454. 

4 . 81, 493 ^ 

296, 

33K 

344 - 

157* 

86 , 


N^han' . ■ * 

Naira R. 

Nai Lak^ 

Nallamalai H. 

Nambar R. „ 

Namddng R. , 

Nancowry 
NandgacHi 
Nandi^I . , 

Nandialampett 
Naoshera 

Naosir . , , 

Ndrakal 
Nardoli . , 

Narbada R* . 
Narcondam i, 

Narha . 

Nari R. 

Narji 
Narra R. 

Narsingfipur • 

Narwar . 

Naushahra 

Neilgherry H,, see Nllgk 
Nellore • 

Nepil • 

Nga-pu-tau . 
Nga-tba*niu , 

Nicobar, L , 

Nilang • . ^ 

Nilgiri , • « ..1* 

Niittath' ' '■ . ^ V" -.a.’i ^ 


76 41 ; 103, 

77 10 9, 248, 249 396, 431, 495, 


^ I 33»4f>.5<^ 785 373. 41*6. 

3 $ 12 75 431,438^ 

94 46 424, 

93 49 3\o. 

93 35 12,343. 

79 4 , 

,,,76 /45 _ 4» 37.4P> 373* WV4;i'5* 

;:74 ; 54 " 70, 103^ 
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Latitude, f Lmigititsle, 


Nimdr , . . , 

Nimawar 

Niniyur 

Nirmal 

Nithahar 

Niti , . , . 

Nongkiilang H. 

Nuliamallay H., m* Nallamah* 
Ntirla . • * * 


Odiam . 
Olapadi 
Ongole , 
Opalpdd 
Owk, see Auk, 


P^bar R. 

Paebamalai 

Pachmarhi 

Padwani 

Pachpadra 

Pag^n 

Paitan 

Pakhal . 

Paldmau 

Pdl^r R* 

Pdighat 

Palkonda H. 

PalnM 

Palm H. 

Pamir 

Panchet 

Pdngi 
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Latitude. 


I ongitude. 


Pangong'' L. , 



* 

33 

45 

78 

45 

Paniam 



. 

*5 

31 

78 

25 

Panna 

« « • 



24 

43 

80 

14 

Pan-ta-naw 

« ft * 


. 

16 

55 

95 

28 

Pan war i 

ft ■ . ft 


■ . 

25 

26 

79 

32 

Papagbni, R. 

ft ft ft 

.#■ 

. 

14 

20 

78 

30 

P^fv ' . 


ft 

. 

26 

3 

78 

6 

Para R. 

• ft ft - 

ft 

. 

32 

35 

78 

12 

rdrasnath 

ft ft • 

ft 


23 

58 

86 

10 

Parihar H. 

ft '■ , ■■'m-- .# , 

ft . . 


27 

II 

70 

42 

Patcham, J. 

« ' 'ft' . 'ft 

■ ■ ft 

. 

23 

52 

69 

50 

Patkoi, H. 


'« ' 

. 

23 

40 

94 

0 

Patna 

ft ft ft 

ft 

. 

20 

42 

83 

12 

Patthargatta 

ft ft * 

ft 


25 

41 

87 

52 

Pdvulur 

ft ft ft 

ft 

* 

IS 

51 

8a 

14 

Pavvagarh 

• t ft 

ft 


22 

31 

73 

36 

Pegu • 

ft ft « 

ft 

* 

17 

2d 

96 

30 

PeUni R. 

ft ft • 

ft 

. 

29 

10 

78 

49 

Penganga R. 

ft • 

ft 

V 

19 

45 

78 

3<> 

Penner R., North . 


. 

14 

40 

1 

20 

„ South . 


. 

12 

20 

78 

20 

Perambalur 

• • ft 

'.ftt' 

• 

II 

14 

78 

54 

Perim, 1. 

' ft ' "ft ■ ■ ■ ft; . 



21 

36 

72 

23 

Peshawar 

ft ft * 

ft 


71 

37 

34 

2 

Phonda ghat 

ft ft • 

ft 


16 

20 

73 

56 

Phuleli R. 

' « ' ' ■ " ■ ■■ ■ ft ' 


• 

25 

30 

68 

29 

Pichor 

."ft. . ft. . . 

" ftf ;■ 


25 

57 

78 

27 

Pid 

« 

■ . ■ 'ft ■ 


32 

41 

73 

2 

Piram 1. see Perim L 





67 


Pir Mangho 

. • • 



24 

59 

4 

Ptr Panjal 


ft 

•r 

33 

40 

74 

40 

Pisdura 


‘ ft 

,, . 

20 

21, 

79 

d 

Pishfn , 

♦ « 

ft 

. . • 

30 

3.7 

67 

5 

Places garden 

' \ ft’ 


13 


79 

53 

Pokaran 



' * 


'^;s$ 


58 

Pondicherri 



' -1 ^ 



79 53 


Pag«. 


486. 

86 . 

97, loi, 107. 

426. 

97. t02, 

79* 

65, 105. 

130. 

14. 

227. 

215, 218, 220, 32T. 

8, 335- 
375* 

428. 

181. 

73» 259* 

I45» 33^» 378, 41^3* 424* 

480* 

158, 160, 2I3,4'^2. 

48, 78, 80, 403 » 4 ^ 3 * 
232,4^3* 


23^* 

3<>2, 323- 

418. 

82. 

453* 

105. 

121. 


, ■' t: 

■ f, 


312. 

43, 44, 465, 46a 

265. 

142, 318. 

182. 

106, 160,453, 

10, 18, 231, 235, 

: .403^ 




239» 


.Hh. 

— „.. :an3 





iiiii 

iSiiilS 

ilii 






lii 


lip 

iisi 
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f atituck. 


^Poona'''.. 

Porebanclar • 

Port Canning 
Porto Novo . 

Pot war 

Pranh fta R, , 
Prome 
Pudukatt^i 
Pugha 

Puiivendala . 

Puikoa 

Piillampet 

Pulney H,, see Palnf. 
Puppa H. * 
Puran R. 

Punch R. 

Pungadi 
Puriam Point 


Quetta 


Quilon 


Ragavaporam 
Raialo , , 

Raidak R. 
Rakhur Doab 
Raipur 
Rdjdgriha H, 
Rajah^s choultry 
Rijamahendri 


45 * 

36, 84 
64. 

S8, 60. 

^ 

2%; adS, 
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L atitude. 

Longitis.de, 

Page. 

Rajanpisr 



. 9 


0 r 

29 6 

. : . 0 , 

70 22 

432 - 

Rdjdpiir 



9 


H 5) 

80 23 

28 . 

Rajmahal 




• 

25 2 

87 S 3 

427, 428. 

Rajmahal H. 


.. 



24 30 

87 30 

ISO. 159. 174. 37 -’, 37 <>, 








383. 413- 

Raj p! pi a 


. » ■ ■ 



21 54. 

73 34 

S, 261, 278, 300. 

Ramgangd R, 



. • ■■ 

• 

29 33 

79 0 

469 , 480 . 

Ramgarh 




* 

23 38 

85 33 

165* 

Ramgarh 




• 

22 53 

86 14 


R%nn4d 

«< ■ 




9 22 

78 52 

■■412 

Ramnagar 





23 45 

36 5 + 

437 - ■ 

Rampurd 



• 

• 

25 58 

76 7 

9 ". 

Rdmn I. 




• 

19 5 

93 45 

20, 297. 338- 

Rangoon 




• 

16 47 

95 13 

3 + 0 , 342, 42 +- 

Ranigan] 




. 

23 36 

87 8 

159, x6i, 164, 166, r/o, 







i7h 4377 392 . 

Rdnikot 




■ 

1. 25 s+ 

67 56 

303. r ' , 

Ran] R. 




. 

24 48 1 

89 19 

97. 

Ranjit R. 




' • 

27 15 ? 

88 20 

76. 

Ranthambhor* 



■ 9 : 

. • ' 

26 2 

76 30 

103. 

Ratanpur 




■# 

21 44 

73 ^5 

301- 

Ratnagin 




. 

17 0 

73 20 

36* 377 » 3 S 9 * 

Rdvi R. 






3 <> 30 

72 30 

355 * 461. 

Rawalpindi 




• 

33 37 

73 6 

352 , 418. 

Rebni . 


• 


. 

19 16 

79 *9 

186. 

Red Hills • 



• : . . ■ 


13 9 

80 16 

37B. 

Rer R> 



■■■■. 9. ■ 

. 

H 30 

83 5 

56, 60, 

Rew^ . 


■■ ■■ » ■■ ■ ■ 


• 

24 31 

81 20 

29, 56,15^, 161, 167, 173 
186, 255, 279, 383, 

Riisi • ■ « 





33 5 

74 50 

347 » 35 £- 

Robdar R. 





29 35 

67 20 

293. 

Rohd 





27 42 

68 56 

305. 430* 45 f- 

Robtasgdrb • 

• 




24 37 

83 S6 

95 - 

Rongreng 

• 




, j 27 16 

93 4 « 

' 331 - : 
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Sabzal-kot . . . ' » 

'■ ■;> . 

Sagar • , , , , 

Saharan pur ... * 

Sahy^dri H., see Western f jh^ls. 
St. Thom 6 ... * 

Sai nth Gray ■» * , . 

Salem . . . , , 

Siletekri • , , , 

Saisette • . , , 

Salt Range ... * 


Salwfn R. 
Samaguiirg . 
Sambalpur * 
Sambhar Lake 
Sandovvay 
Sandur , 

Sanju . . 

Sankaridrug . 
Saiiktoria 
Sara R. 
Saraswatf R. . 
Sargiiga 


83 15 i 53. W. 253, 263, 26 j . 

279.3/4.383- 

6j o 290. 

84 31 93 . 95 - 

79 o 3.5.54,250. 154 J 67, 170, 

172, 2 iJl, 393. 

80 I 182, 389. 

73 52 36. 

67 54 309.428, 45*. 452. 

79 35 ■ 96-' ' i; • 

'■‘p-m 9*i4lL^ ' 

'fe 4. 1 . « I 


Sariab 
Sasserdm 
S^tpura H, 


pattav^du 

Sdwantwdri 

Sehwan 
Semri R. 
SeGni 
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Latitude 


Longitude. 


Seringapatam 
Shahgarh 
Sbaikhawati * 
Shaikh Budtn 
Shaikhpura H. 

Shall H. 

Shayak R. 

Shevaroy H. . 

Shikdrpur 

Shillong 

Shimoga 

Sholdpur 

Shoripur 

Shrishalam 

Shy ok R, sej Shayak, 

Sibi 

Sibsdgar 
Sichel H. 

Sikkim • . * 

Simla . 


318,418. 

331. 427‘ 

267. 

149, 348, 488. 

107, 1 17, 132, 136, 349. 

459, 463- 

vj6. 

65, 105. 

454 - 


Simra 
Sind R. 
Sindri * 
Singaieni 
Singarh . 
Singhbhum 
Singhe La 
Singpho H. 
Singrduli 
Siran R. 
Sirban , 
Sirmur « 
Sironchd 
Sirsa 

Sitsvahn ^ 


419. 

n6, 138, 139, 229, 286, 
Ii7» I33. 349‘ 

,151, 185, 268. ' : ? 

449 * 

' 339 * ' 


iil 
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Lalitiule. * Lttfigsfuile 


Sittaung R. . 
Skardo, see Iskardo, 
Sohdgpuf 
Sokan R. 

Solan 
Son R, . 


Sonar . 

Soomidri 

Spiniitangi 

Spira Raga 

Spiti 

Spit! 

Sriperitiatur 
Subdtbu 
Sukakheri 
Sukkur , 
Suldimdn H, 


22 49 ,52 ; 397, 

27 42 68 54 I 30S, 457. 

3! 40 ^ |o o 7* 141 1 229, 292*304, 305, 

310,318,^25. 
x8 12 'So lo : 92. 

2S ■ 20 ■ 9» 45 333. 

23 I 85 56, 53, 

25 1 8 9t 47 61, 29s, 330* 

9 72 54* 259* 262, 278, 2S2, 

374, 407, 408, 412,414. 

23 54 "87-34, * 75 * 392 * 

30 JS 73 20 42*35*t449»4S2i4^**4^4* 

'^3 4S,- 79-47 50* 

24 S 3 : 91 SB 44 t 


Sullavai 
Sumesari R, 
Supur . 
Surarim 
Surat 


Swarnamukhi R. 
Sylhet . 


Tidputri 



Todapurtl 
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Latitude, Longitude. 






•O' ■' '0 ■ : ■ f ■ 


Tdl R. . 

. 



29 47 78 42 

.230, 

Tdlcber ♦ 




■ 20 57 Ss 16 

32, 149, 153. 157. 169, 174. 

Taira . • 

« 



. 27 12 76 47 

p. 

Tanawal * 

• 



. 34 20 72 55 

139- 

Tandra Rahim Khan 



. 26 32 ('] 25 

312, 315. 

Tanjore 




10 47 79 10 

394, 404, 412. 

Tarkesar 




21 22 73 6 


Tapti R* • 

M ■ ■ ^ 



. 21 30 75 40 

9> 300. 396. 398. 400, 407. 






4ii5 43t> 495- 

Tarnot . 



■ 

. 30 45 82 31 

64, 91. 

Tatta 




. 24 4|. 68 0 

306, 312. 

Taung-gup . 



■ ♦ 

. 18 50 9+ 20 

297.338. 

Taimg-ngu 




. 18 55 96 31 

342, 424* 

Tavva R. 

» ■■■ ■ 



. 22 45 78 5 

167, 173. 

Tenasserim ♦ 




12 5 99 3 

45. 141. 297. 343. 378. 

Tezptir * 

* 



. 26 37 92 53 

256. 

Thai . 




• 33 37 70 34 

328. 

Thai (Chotiali) 




, 30 I 68 46 

291. 30s. 418. 

Thai Ghdt . 

. . 



. 19 43 73 30 

261. 

Thalapudi 

‘t ■■■ 


• 

. 17 7 81 44 

179- 

Tbana • • 

« 


• 

. 19 II 73 I 

271* 

Thar . . 



0 . 

. 25 20 69 45 

455- 

Tharia . 




25 II 91 48 

247. 296, 329. 331. 332. 

Thayetmyo . 

■ #■ 


■ ■ .» . 

. 19 19 93 16 

144. 336. 340. 

Thondoung * 

• 



. 19 16 95 14 

338. 

Tinnevelli • 




. 8 44 77 44 

II. 13. 39. 392. 405. 412, 
41 6» 

Tipam H. 




27 15 95 3° 

334- 

Tipperah Hills 




. 23 50 91 23 

443^ 

Tirhowan, s^e Tirohdn. 





Tirohan • 




. 25 12 80 58 

96, 102. 

Tirupati 




. 16 57 81 19 

180* 

Tirupati H* * 

« 


« 

. 13 38 79 

78. 

Tii*npati\i* * 



* 

. II 3 78 59 

238. 

Tinivakarai 



« : 

.13 I 79 43 

235, 393’ 
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Latitud'e, | LOBgitude. 


Todibal • 

Tong « 

Tongup, seeTaiing-gtip. 
Tons R. * . 

TosMm H. • 
Tranquebar * 

I'rap 

Travancore 


Trichinopoli 


Tripetty, see Tirupati# 
Trivicary, see Tinwkaral 
Tso Moriri L. 
Tungabbadra R. . 

Turn • . • , 


Uchar . 
Udaipur 
Ukra H. 
Umarkot 
U mb alia 
Umblai R, 
Umia 
Umrali , 
Undutia 
Upaipad 
Utatur . 


Vaiimukam 
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Latitude. 

Longitude. 


Vemdvaram ..... 

c ; 

15 41 

■ .0 ■ 

80 13 

181. 

Vempalli .... - 

14 21 

78 30 

79. 

Vengtirla ..... 

15 54 

7 3 30 

83. 279. 

Venkatagiri ..... 

13 57 

79 37 

33 ‘ 

Venkatpur ..... 

18 15 

80 3 

92. 

Vigori ..... 

23 31 

69 8 

223. 

Vindhya H 

23 0 

78 0 

92. 

Virawab ..... 

24 30 

70 48 

454. 

Viruddhdchalam .... 

11 31 

79 24 

231, 232, 233, 255, 240, 

Virgal ' • ■ ' . . ' * ' ■ < : 

32 27 

72 07 

241,. 

122. 

Vizagapatam 

17 42 

83 20 

347 403. 

w 




Wadhwan * ♦ . . . 

22 42 

71 44 

254- 

Wagad • . • . . 

23 35 

70 40 

215, 220, 222, 224, 319. 

Wdgalkhor 0 • . « 

21 45 

73 16 

301. 

Waindd .... * 

11 50 

76 3 

377 40 * 

Wainganga R 

20 30 

80 0 

184, 402. 

Wajhiri H. • . . . 

15 52 

73 46 

36. 

Wajra Karur .... 

15 4 

77 27 

40, 107. 

Wandan R. . 

28 0 

70 0 

450* 

Warangal , , . . • 

17 58 

79 40 

150. 

Wardhd R 

20 30 

78 30 

90, 93, 169, 186. 

Warkalli . . . . - 

8 44 

76 46 

2 99>394- 

Warord . • • • 

20 14 

79 2 

265, 

Wer ...... 

27 I 

77 14 

70. 

Western ghats , . . . 

19 0 

73 30 

3> A > xo, 357, 279, 4^57 494* 

Y 

Yedakalmolai H. - . • , * 

11 37 

76 18 

37* 

Yeddihali . . • . , * 

16 32 

76 36 

88. 

Yellakonda H. . . . • 

IS 0 

79 10 

4> 78. 

\'ellania!a H. ' / « 

14 45 

78 20 

86. 

17* 

VenangyGung ^ i ' • : * > : ; / • 

; 20- ■ '2^ . 

94 56 


illif 

■'■'r , ,, , 
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Abur group . • • 

Africa, cretaceous . ^ • 247, 252 

Gondwdna reptiles in — . 195 

” Karoo series . . • 201 

land connection with India 209, 

” 253 , 493 

„ Uitenhage series . .182,205 

African affinities of *Bi!la Surgam 

cave animals • * • 395 

Agate .... 176, 260 

Agra boring • • 432 > 435 > 47 ® 

Albaka division • • • 

Aleppi, smooth water anchorage . 405 

Almod ^Toup . • • 

Alum shales . • • 3 ^ 3 » 352 


Alwar quartzites * 

, relation to Aravalli system! 
American fossils in upper Pro- 
ductus limestone 
Amethystine quaitz . 

Ammonite zones in Cutch Jura* 

permian, in oalt^ 

I 23»^27 

, . 176, 25 7» 289 

• 176 


125 

260 

225 



69" 

68 


i 75 » 257 
. 405 

. 337 

of 


Ar^itnonitidce^ 

Range . 

Amygdules 

Anaicime , • • • 

Anamesite 

Anchorages, smooth water . 

Andtigu Kyauk . 

Andaman Islands, evidence 
changes of level 
Anhydrite, inclusions in quartz 
„ Salt range 

'S,''; origin of*^ 

Atebiah; crk®‘ce(i>ti? itieposits^ .• -f. \ .y s ; 'SS® 

, : ' ■ il'- i' ; 
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Aravalli Range, antiquity of — 6, 71, 

104, 106, 491 

,, „ former extension 

of— . . 483 

„ „ relation to upper 

Vindhyans * 103 

Aravalli system . . 4 o» 67, 74 

„ relation to Delhi system 70 
Archipelago series . . * 344 

Arenaceous group . . 320, 322 

Argillaceous group . . 320, 322 

Ariyalur group , 233, 236, 239, 244, 250 
„ fossils in Assam . . 247 

„ „ Africa . . 249 

„ gneiss pebles in — , 236, 239 

„ relation to Utatur and 

Trichi nopoli groups . 235» 

238, 241 

Arkose in Alwar group . . 7 ^ 

„ resemblance gneiss 2|, 50, 53, 
59 . 7 h 134 

Artesian wells, Lucknow . . 435 

„ Pondicherri . . 404 

Assam range, comparative absence 

of disturbance . 44 

„ „ analogy to Salt range 8 

„ „ a detached fragment of 

the Peninsula 44, 60, 439 
Athgarh group . . • 15^.178 

At/de^a beds . . 220, 221, 226 

Attock slates . * • .116 

Augite . . . . • 

Auk shales . . *. / 

Australia, carboniferous fossils in 

India , I 2 I, 132 , 135 
„ coal measures . • 198 

„ relationship of flora ' 

to Gondwana flora 200 
: cretaceous ammonite in 
.'r.,|r, ' , Cutch ■ • , '-j ♦ f'* 

grou^p . ' ^ y ^ . i 44 
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B 

Babeb series . . • 114,117 

Bacchus marsh beds . . . uj8 | 

Bagh beds * . • L 5 -s “48 

„ connection with cret- 
aceous of Europe and 
Arabia # . 211, 252 

. . .relation to. Deccan .trap 249, 
266, 275, 281 
„ s, Lamcta . 264 

,5 upper Gond- 

wanas . 1 73, 249 

Bdgra group . . • * J 73 

Bairenkonda quartzites . . 81 


. . Page 

Blown sand . . 4 » 5 . 43 ^, 4S5, 45 f 5 

Boilleauganj quartzites . 134, ,38 

Bofe, in the Deccan trap » . 2 =>9 

Bombay, intertrappeans . , 272 

„ submerged forest , n, 407 

Boulder beds i conglomeratic slates) 

„ Bijawar^ . . 54, 55 

„ Champaner * * , 7:^ 

„ Dhar\^dr . . • 49 

„ jaunsar system , * nj 

see aisu glacial boulder beds. 
Brahmaputra alluvium . 45? 43 439 
Breccia formed by fracture in niu 

28, 5!, 83, 88*96 
„ pseudo . . 291, 292, 304 

Brine wells, Gangetic alluvium 429, 448 



„ Puma alluvium * 

Bro.nzite ■ . . : ■ .* ■ ■ . . ■' ^ * ■ 

Budaviida group . . i] 

Bundelkhand or older gneiss 

„ Eellary * 24, 

„ Bengal area , 

„ BuiKitdkhand * 25, 

„ „ Schistose beds 

in Maraura regioi 
,1 M old land 

surface 2 

„ Dhar forest area • 


Ball coal , • . . . 

Balmer sandstones « * 2; 

Banaganpallf group • . 85, ? 

Bap, Talchir boulder beds at 
Barakar group . . 16, if 

„ age of the « 197, 2c 

„ coal . * . if 

„ supposed representation 
near Athgarh , , 

Barren island . . . . 

Basalt , * * t 13 

Baxa series , . . . 

Bedesar group . , • 2: 

Behar transition series . 53, 

Belem nite beds . * . . 

BeUerophon, in Ceratite (trias) beds 
Bengal gneiss, contrasted with 
Bundelkhand . • 

Bengal transitioti series * 

Bezwada gneiss . , * . 

Beryl 

BMbar • , . 437, 44 

B hangar and Khddar^ distinction 


Cail, an abandoned seaport , . 13 

Cakite • • * , 260, 289 

Calcutta boring . . 432, 475 

Cambrian fossils, Salt range . 113 

Capra, occurrence of on Nfigiri hills 15 
„ in pliocene of Perim Island 324 
Carbonacecms system • 133, 137, 139 
Carboniferous and trias, absence 

of break * , 119 

„ contrast between 
peninsular and 
extra-peninsular 1 19 
,s beds iricliided in 
Panjdl system * ' * 116 

glacial epocb 120, 206, 493 
„ „ boulder beds 129, 135, 

„ 9,, Africa . # 203 

„ Australia * 121,198 

m'’ n doubtful examples 160,34$ 

>»4;ri4 'V'.' changes of ^ , 

vr:; 9 ;:latid and waatclo^of t?Si 493 ^ 


Bhander group . 
Bhiaura quartzites 
Bhima series 
Bhur 

Bijawar system * 
Bijori group 
, Billa Stitgam caves* 
Biotite . , 


Blaini group 


»« 9 . 133. 1 

” »? 

age of the 
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Ccirdita heimnioiinti beds. Salt range 532 


f, „ Sind • 288 

Cassiterite ... 30, 45 

Cave deposits, Bill a Surgam . 393 

Central gneiss of Himalayas , 41, 42 

Ceratile beds .... 128 

Cerussite . . . • 

Chabasite . . * . .. 260 

Chalcedony . . 1/6,289,412 

Champanef beds , . 73, 75 

Chari group . . 217, 219, 222 

Chdrli, flexible sandstone . . 158 

Cherra sandstone . , 295, 330 

Cheyair group . . 79, 80 

Chidru group , 123, 12S, 207 

Chikiala group . . . 186 

Chikkim series . . . 294 


Conglomerate in gneiss 33, 59, 73 

Contemporaneous erosion, In Gond- 


wanas 

« « • 

150 

Copper . • 

« • * 

63 

Coral reefs, cretaceous, 

South India 

234 

„ permian in 

Salt range . 

126 

Coralline limestone group 

249 

Corundum,in gneiss of Singrauli . 

3 f> 

Cotton soil 

» • • 

410 

Cremmcoiichus 

• 

II 

Cretaceous, continuity 

with tertiary 


deposits 

25s. 285, 303 

1» 30s 


distribution of land 
and sea • 211,493 

fossils in Attock slate 

area • . . ii6 

Niimmulites . . 291 



South India 


Chilpi ghat beds . . . 64 

China, Productus series fossils in . 125 

Chiniot hills .... 72 

Chlorite .... 25, 26 

Chloritic shisl ... .26 

Chrysotile , . .30, 146, 292 

Cleavage . . . 55 » 73 » 

Closed drainage areas . 9, 418, 461 
Coal Gondwana, origin of . . 150 

„ „ Talchir group , 157 

„ j, Karharbari group i6o, 

161 

„ „ Damuda series 160 

161, 164, 166, 202 
Jabalpur group . 187 

„ Jurassic,, Salt range . . 22S 

„ Cretaceous, Assam . 255. 296 

„ „ 7 Tenasserim . 297 

„ 'Fertiary, Assam . 329, 330, 331 
„ „ Baluchistan . . 305 

„ „ Burma 334, 33 ^, 33 ^ 

„ „ Punjab 35 C>> 35 l* 352,353 

„ „ Sind . . . 303 

„ „ -Tenasserim . 298, 343 

Coal, lower Vindhyan black shales 

taken for ... 95 

„ pebbles in Gangetic delta 434 
Coalfields, Gondwana, cause of 

limitation of . . * 153 

Columnar structuns in Basalt t75, 258 
Conglomerate, deformation of peb- 
bles in . 49 > 54 » 59 

; ‘ ;;;ii^itatedt>y, cpncre- - 1 

■ ’ ' ' fci'bpary^ action , 29 1,- 

- . * 4 : ' ’ ! '' / 4 ■ ' ‘ 292, 304, ^07 


affinities in 
South 

Africa 247, 251 
affinities in 
Khasi hills 246, 
251 

contrast to 
West India 2n, 
246, 251 
original li- 
mitation of 231, 
235, 237, 241, 244 
relation to 
Gondwanas 152, 
182 

valley • 248 

affinities in 
Europe and 
Arabia . 21 

253 

contrast to 
South India 21 1, 
246, 251 

divergence 
from South 
Africa . 252 

Relation to 
Deccan 

trap 249, 266, 


relation to 
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CretaccoiiSj Narbada telaXhn to 
Laniela group * * . 264 

Cuddalore sandstone . , 232, 392 

Cuddapah system 51, 75, 78, 89, 108 
,, disturbance of the .47,81,87 

„ original extent of 79, 490 

„ possible transition age 75, loS 

„ representative in Cham* 

paner , . 73 

„ relation to Dharwars 48,50, 75 

« „ Karnuis . Sc, Si, 84 

Current marking, see Ripple marks 
Cumbum slates . . . 81 

Cutch, great earthquake of . 11, 453 

„ Rami of . . . 213,453 

supposed, in Karnul series 86 


Deccan trap, reprc^sen ted 
Baluchistan 
„ sedimentary beds 


„ sub aerial origin 

„ outliers at Rajdmahendri 15 
■ Delhi system , . .. . . 

age cl the. : , : , * ■ ; ; 

,, relation tr> Gwaliors at 
Hindaun 

Denwa group . . 173, x8f 

Deoban limestone 
Deola and Chirdkhdn mar! , 

Depression, East coast . 

„ Ganges delta . a 

,, West coast , i 

I Desert of W. Rajputana . 

„ recks and structure of 
Devonian, ?Central Himalayas if 
,, fossils in Eastern Thibet 
Dk&man . * , , * 

I Dharampur, reputed trias fossils 

.. from . . 

Dhilrwar syslera . , 48,. 7^ 

,, supposed oiillier in 
Nellore . , , 

' ■ -Dbosa, oolite . . . : . 2 1 7, "22cs 


DagshAt group . , 3+7.350.35^ 

„ equivalent to Murree beds 355 
„ jesemblance to Nahan 

group . . . 357 

Paling series . , . . 76 

Damiida series , . 162,192 

» age .... 206 

„ coal . 160, 161, 164, 166, 202 
„ flora contrasted with 

Rajinahai . . 155.177 

„ foreign relationships of 

flora . 292, 194, 200, 203 

„ outliers in eastern 

Himalayas , 76, iiB, 488 
„ Pre-Rajmahd! disturb- 
ance of . . .177 

„ supposed representa- 

tives on east coast 1 78, 1 82 
Dcccantrap . . 255,379,413 

,, age of the , . 280, 289 

„ compared with Rajmahdl 

traps. . . 176,279 

n connected with upheaval 

of the Himalayas . 494 

„ foci of eruption . .277 

,, newer than Vindhyan 

scarps in Bundelkhand . 29 

,, fetation to Bagh beds 249, 254, 
/’ '■;!,. 275,281 

vf i : 282,3:^9 

; 255, 


Diamond . . 85, 86, 88, 97, 

„ supposed original source of loi 
„ , „ occurrence near Simla . 

Diamond gravels , , . 

Diaspore .... * 

Diking group .... 
Diorite .28, 40, 52, 61, 62, 74. 84, 


Disang group , . . 148, 335 

Disturbance cf bedding caused 

by the solution of limestone 102, 330 
Disturbance of lower Vjndhyans, 
possibly new^er than river 
/-■.■valleys; ^ ■;-■ 

Dolerite • . , . *175^257 

DolomUe 30, 76, no, 113, 125, 127, 133* 
^ 3 % m * 299 

Dolphins, in Indus and Ganges 
, ^ Rivers^ . ^ , . 443 
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Dykes, Deccan trap 
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* 277, 278, 

279, 280 

in Dimodar valley coal- 
fields . . . *177 

in gneiss of Southern India 35, 37# 
38, 40 > 5<5 

in Bundelkhand gneiss . 28, 32, 

40. 63 

in Shillong series * . 61 

in transitions of Bengal - 63 

„ Rer valley 36 

rarity in Rajmahal hills . 176 
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Earthquake, changes of level ac- 
companying u, 12, 454 
East Coast, antiquity of . 2, 39, 244, 492 
„ changes of level 10, 404, 405 
„ plain of marine de- 
nudation . 10,388 

„ recent changes . , 12 

Ecca beds .... 203 

EchJnosp ha rites . • ,118 

Elevation, evidence of • 10, 404, 407, 408 
Ellore, Gondwanas • I 52 >i 79»394 

Encharam quartzites ... 92 

Endogenous volcano of Narc(m- 

dam 

Encroachment of sea on land . 12 

Engdain tract . » . - 424 

Epidote . • • . 26, 27, 3^ 

Epistiltite . . . • * 260 

Epsom salts . . • • no 

Erosion of sea coasts • • • 

Eruption of mud volcanoes . * 21 

,, , submarine volcanic . 18 

Euphyllite « • . - * 3 ^ 

Extra- peninsular area, contrast 

with peninsula . • 2 

transverse drainage of the 

hill ranges « , * B 




I'20 


Facetted pebbles 

Faults, movement apparent at sur- « 


Felspar, puphyritic in Deccan trap 

257,259 

„ undecomposed in gla- 
cial beds . • .201 

„ Gangetic delta . . 434 

„ in sandstones 134,157, 170,201 
Eelsite, Malani , . . . 

Fisher’s theory of mountain forma- 
tion « . . • . 

„ modification to suit Hima- 
layas . 

Fjords in Andaman and Nicobar 
Islands 

Flexible sandstone, Kalldna 
„ „ Charli . 

Forest, submerged, at Bombay ii, 405 
„ on Tinevelli coast * 11,407 

Fort William boring . . 432 , 475 

Fossil wood group « *18, 340, 424 


74 

471 

473 


:i2'; 

72 

15s 


Fossils, doubtful, Bhimd series 

88 


Cuddapah series 

81 


Deoban limestone 

nS 

„ „ 

Gwalior series . 

66 


Karnul series . • 

86 

„ reputed. 

triassic near 



D bar am pur 

138 

w „ 

upper Vindhyan 

lOI 

Fossil plants, uncertainty of rela- 


tion in 


193 

Frog beds, Bombay , 

272 

Fuller’s earth 

* » , • * 

308 


G 


Gabbro 

« * * » 

146 

Gaj group . 

* 309,31^313,339,340 


Galena 

Ganges, 


fossils in bait range 

and Himalayas . 354 

representative in Cutch 

and Kathiawar . - 322 

. • 30 

former continuity with 

Indus . . 428,443 

„ delta . . .10, 433, 44^ 

„ age of the . • • 443 

„ course through the Gange- 
tic plain 

Gangetic alluvium . * , * 

analogy with upper Vin- 
, ' ^ dhyahs , y , • - ' * , 

: deep borings in ' . 432, 


446 

427 


104 


ill 


j, fluviatile origin 


^5,428 


^ / 1 * , . y ^ V'" r < ' ‘ i 
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Gangetic fossils • . • . 436 

„ nature of boundary with 

sub- Himalayas * . 470' 

3, salt wells • . 429, 44tS 

Garhwdl, supposed jurrasstc . 230 

Garnetiferous gneiss . 30, 32, 34, 3d, 37 

Ghazij group . * , * 304 

Giumal sandstones . . 229, 294 

Glacial action^ in Hawkesbury sand- 
stones » . , . . 200 

Glacial boulder beds, carboniferous, 

Indian 120, 129, 133, 135, 
206 

*, „ Africa and Australia 121, 

19S, 203, 206 

j, „ confined to low lati- 

tudes » ; 120,212 

„ ? nummulitic, l.adakh . 346 

„ Pokaran . . .106 

Glacial period 5 carboniferous 120,206,493 

„ „ , pleistocene, evidence 

of .14, 368, 418, 4B6 
Glaciers, carboniferous, in Feiiinsida 160, 

* ^ 2 ? 13 , 493 

Giauberite . . . .110 

Glauconite . , , 257, 260, 261 

Gneiss, limestone in . 30, 38, 39, 40, 45 
„ confused with gneissose gra- 23, 

. . * 40, 4 1 

„ of different ages 24, 33, 36, 40, 

41 . 50 

„ sedimentary origin of . 42 

„ simulated by foliated arkose 50, 

59 > 7 ^. 134 

„ Himalayas ‘central ' gneiss 41, 42 
»» „ in sub-HimdIayan 

2one , , 4^ 

» relation to slates 115, 

1 16, 117 

,, pebbles, in Cuddapah con- 
glomerates , . 79 

ss js in cretaceous of S. 


237. 239 


« probable transition beds 

classed with , , 53 

« newer or banded . , 24, 29 

„ accessory minerals in , 30 

„ apparent interstratification 

with sedimentary beds 24, 40, 41, 

< 4^*53;: 




l*AOE 

Gneiss, relations to transition sys- 
tems . . . 24. 31, 32 

„ older or Biinddkhand, ab- 
sence of limestone in . 26, 27 
■ antiquity^of , . .46 

; ,, Bellary * • , ' ■■ ■■ , 35 

■ ; „ ■ . Bengal * ■ » ■: . ,'. 33 

Bundelkliaiid * . » 24, 25 

D bar Forest . , *53 

Gneissose granite, confused with 

gneiss , . .41,71 

■■ „ of AriWallis . . 40 

■ of Himalayas . .41,42 

„ ,, date of intru- 
sion . » 44 : 

Godavari, alluvial deposits 396, 404402 

. gorge of the . • • 401 

■ Goiapilli group » * . 179,186 

Gold- ♦ ■ . . . 37, 46.'% 

Golden oolite . • . . , 219,228 

Gondwana rocks, Son*!^lahanadi 

■ watershed , . ... 92. 

Gondwana system * , * , .1,19, .14S 

■„ ■. . contrast of .upper and 

lower floras , t55» tyS 

„ distinction between upper 

and lower. • . 155 

„ dislribulion . • 1 52 

„ disturbance , 153, 177 

„ doubtful representative 

in W. Pajputdna * 106 

„ floras, foreign affinities 

of . . . . 192 

„ duviatile origin • * 150 

„ bomotaxis . * . 191 

„ range in lime . . 209 

relation to cretaceous 152,173, 
182 


„ „ existing river 

valleys .5, 153 
„ . Vindhyan pebbles in • 151 

Granite, Afghdnisldn • , .141 

„ Ardvallis . • 40, 69, 71 

,, Himalayas • » .42, 44 

Peninsula 32, 35, 37, 38, 56, 58, 63 
; „ gneissose structure In • 23, 42 

,, ■ ; Intruded by solution . 43> 62 

C^aphitle schist * * . . * 34 

. . . .3^ 

’^ppes at foot of hills ^ 41 7^ 424 

; or Glauconite 257, 260, adj 


k-i ii A f.; ' > 
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PAGE 

Gyyphcea, reputed occurrence in 
upper Vindhyans . . . 107 

Gtilcheru quart2:ite . . * 79 

Gwalior system 47, 50, 64, 69, 100, 108 

„ at Hindaim . . 67, 71 

Gypseous shales . . . 320,321 

Gypsum . 1 10, 288, 303, 307, 31 1, 

321, 326 

,, origin of . . 112,327 


H 


Hsematite 
Haematite schists 
Hai manta system 
Hakra R. 


*30, 5^. 55, 372 

•36, 49, 50, 67 
114,117,137 
449 


Hawkesbury sandstones 198, 200, 207 
Hawshuenshan, extinct volcano 18 
Heulandite . . . 260, 261 

High level laterite . . 373 , 3/4 

„ origin of . . 379 , 3^5 

Hill nummuHtic limestone . 352, 354 

Himdiayas, absence of fossils south 

of snowy range . . 477 

age of the . . 3 ^ 7 , 477 

„ antiquity of river val- 
leys . . 4^3, 4^4 

,, cutting rock of trans- 
verse valleys * . 463 

,, drainage system . . 4^1 

„ encroachment on Gan- 

getic plain * .471 

former extension cf 

glaciers . - 14 , 4^4 

high peaks due to special 

upheaval . 4 *, 4^2 

orography . • • 4^0 

post, tertiary increase of 

height . * • 485 

present position inde- 
pendent of previous 
sedimentation • 489 

„ theory of elevation . 473 

,, transverse strike in * 482 

„ parallelism of bedding 

between eocene and 
pre^tertiary . 35 ^, 478 

„ relation to Indo-gange- 

tic plain • ^ 104,466 

Hindaun, otif^'©i'>CrWaliors , 1 ^ 

. ' ^ 287, 290, 294; 

' ' ' f . 'i '* *1 I ' i 1 ,4 ‘ i 


PAGE 

Hislopite ..... 260 

Hornblende . . 25, 26, 30, 266 

„ schists ... 29 

,, „ replacing diorite 

in Dharwars . 49 

Hornstone . . . 66, 81, 95 

Hornstone breccia . • . 51 

Hundes, subrecent gravels 348, 422, 464, 

485 


! 

llmenite . . . .27,30 

Implements, iron, east-coast • 390 

stone 378. 388, 399, 402, 403 
Indo-African land connection 209, 253, 

493 
1,427 

45 1 
452 t 

452 


I ndo-Gangetic plain . 

Indus river, alluvium . 

„ changes of course 

„ delta • . 

„ floods 

„ former continuity with 

Ganges 

„ raised river gravels 

Indus valley, former extension of 
sea * . . • 

„ marine shell in salt lakes 
Infra-Krol group 
Infra-trappean, Chutid Ndgpur. 
Gondwana pebbles in 
,, Rdjdmahendri 152 


42S 

419 

429 

430 
133 

154 


265, 268, 269^ 
270, 274, 275 


„ see Lametd. 

Iniliurti, Mica mines . 

Intertrappean beds . 

Bombay 

^ Rdjamabendri 


271 

Intrusion of granite by solution 
Irawadi delta 
Irlakonda quartzites . 

Iron clay, or laterite 
Ironstone shales • 

Iron ore 84 ^ 

Itacolumite • 


. 34 

276, 265 
262, 272 

152, 270, 

r; 274,275 

. 43, 62 
. 424 
; . ^ 82 

- 373 

162, 163, 165, 169 
371,37 2,431,44^ 
7^ 


Jabalpur group J, 




a^e 


184, 186, 187 
. . 207, 208 


alliances of the flora 


194 


mm 

■m-‘ 
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Jabalpur group, relation to Lametd 264 
jabi group . , X22, 123, 127 

Jade 3^^ 

jarcalamadugu group . . 85 

jaisalmer group . . . 227 

Jammu, pre-tertiaryinliers in sub* 
Himalayas • . 140,247,351 

Jasper 260 

„ beds in Gwalior system • 64. 

5, 5, „ Arivalii system • 69 

Jaunsar system , 1. , .117 

Jumna river, fossils in alluvium . 436 

„ old course of , . . 449 

Jurassic, correspondence of Cuich 

and European . , 225 

„ relationships of the 

Gondwana floras 192, 193, 195 


K 

Kdimur group . . 98, 100, 202 

„ outliers on Ar^\allis * 103 

Kaiabdgb, bipyramidal quartz 
crystals . , , .110 

Kdlabdgb group . * * 222 

Kalddgi series . , . , 50, 82 

ATn/ar, or impure Salt . . . 

Kdmthf group . . . 268,172 

„ relation to Kota-Mal6ri • 185 

Rajmabdls of Ellore 179,281 


PAGE 

122 


Kanhar 

Kantkot sandstone 
Kapra quartzites 
Karakoram stones 
Karambar rings 
Karewa deposits 
Kctres . 

Karharb^ri group 
Karndl series 
Karoo beds 
Kasauli group , 
Katrol group * 189. 
5j age of the 


2I'7,.;222, 2'25,"2.2S ■ 

■'■140 

3?9 

'''420 ; 

428 

160, 165, 198 
80,81,84, 108 

349 . 3 SX. 355 . 35 ^ 
217, 221, 224, 226 
189,217 

„ plant remains . 189, 222 

^Katta group * * , 122,133 

Kayal, abandoned seaport . . 13 

Khddar and BMngar, distinction of 438 

/ 1-; 1:1-^444. 


Khasi trap 
Kheura, ' 


142 

no 

72 


Khund ghdt group , . 

Khwdja AmrAn slates, doubtful 

■ . age of • 

Kieserite . * • * « 

Kirdna hills ^ ^ * 

Klrthar group . • ^ 301, 305, 309 

„ fossils in Hlm/ilayas 

and Salt range 347.354 
\ „ relation to Mandihar 

series. 3^19, 314 
»* .. Xari^group 309, 310 

,, „ Ranikot group 303, 

306 307 

„ representative 

Ciilch 

Kistm alluvium 
Kistna group • , 

■ Kohat tertiary , . ■ ; * 

„ rock salt and gypsum 
Koi! Kuntia limestones * 

Kolkm imporiuwi - . ■■ ■ . 

Kotumnala shales . ■ ' • 

■ Konkan . » ■ • ■ . . 

Korkai, abandoned port of . 

Kota Maleri group . 184, 295, 208 

„ correlated with Oemva 173,186 
„ relation to Chikiala , 

„ n Kiimthi 
Krol limestone . 

Krol quartzites . 

Kuchri ammonite bed 
Kuling series 
Kundair group ♦ 

Kyanite 

Kyauk-pyu, mud volcanoes 


in 

. 321 

* 82, 90 

* 3^5 
212, 326 

86 

13 

* 82 

* 377 
^3 


186 
. 185 

nh ^3^ 
* J34 

» 228 

86 

. 27.42 

. 20 


La Croi%, on gneisses of Salem . 25, 39 
Lake basins of B imdlayas , 421,486 

Lacustrine deposits, simulation of 418 
Lameti group , . 29, 262, 263 

„ mode of formation . .276 

„ Rij^mahendri outlier 265, 268 

« relation to Deccan trap • 264 

^ „ Bigli beds 4 264 

Goitdwinas 264, 151 

Laramie fossila oompardd with 

Peecan trap . uS , * » 281 

, ^ctilaT' variation ol 212,213 
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Laierite, low level of east coast lo, 388, 

393» 404 

„ nummulitic 300, 306. 308, 321, 
350, 353. 374 


260 
45 > Bi 
209 


297 

30 

30 

12 


135 


Launionite 
Lead 

Lemuria . 

Leoya river coal beds 
Lepidolite . 

Leucopyrlte 
Level, changes of 
Lias, probable erroneous identifica 
tion in Central Himalayas 
,, relationships of Gondwana 

floras . . • 192,105 

Lignite . - 299,300,377,4^^4 

Lilang limestone * * '3^ 

Limonite , . • • 370* 372 

Limestone, absence in older gneiss 27, 36 
„ disturbance caused by 

solution of . . 102, 330 

„ occurrence in newer 

or banded gneiss 30, 38, 39, 
40, 45 

Lithomarge . 

Littoral concrete 
Loess, of Baluchistan 
Lonar lake 
Low level laterite 

„ of east coast 
Lucknow boring 
Lydian stone 


372, 377 
407, 40B 

9.4xS 

. 19 

373. 37^ 
10, 3SB, 393. 404 

432, 434. 476 
, 266 


M 


Macrocephalus beds . 219, 221, 

Madanpur gorge, Deccan trap in 

Madhupur Jungle 
Magnesia, carbonate of 
Magnesian sandstone group . 109, 

fragments in carbo- 
niferous boulder clay 

Magnesite . 

Magnetite . « • 3°^ 

Mahabar schists i • 

Mahddeva series 

. „ doubtfully represented 

by Nimar sandstone 
„ relation to cretaceous 

. 1741 


227 

29 

441 

146 

113 


120 

33 

259 

58 




253 

l|2. 


PAGE 

. 403 

297, 338 
• « 1 48 

349. 357 » 467 

• 383 

36 

73, io 5 , 227 


Mahanadi alluvial gravels 
Ma-i group 

„ in Manipur 
Main boundary fault . 

Malabar laterite 
„ gneiss 

Maldni series 

„ fragments in carboniferous 

of Salt range . ,120 

Maleri group . * * 184, 185 

Manchhar series 312, 313, 316, 364, 366 
„ estuarine beds in 314 

„ „ relation to Gaj group 314 

„ „ Kirthar group , 309, 

314 

„ „ Mekran group . 315 

Manganese, oxide of, in laterite . 37 x 

Mangli group . 15^, 170, 195 

Manipur, alluvial plain * . 423 

Marble rocks, Jabbalpur . . 55 

Marine denudation, plain of, East 

„ coast . . . 10# 388 

„ West coast . . » xi 

Marsh gas, from mud volcanoes . 20 

Massive limestone, of Jammu inliers 140 
„ of W, Garhwal 117 

Maulmain series . • 14^ > 298 

Mayo salt mine . « .up 

Mekran group . . 43^ 

„ relation to Manchhar . 315 

Mica mines 

Miliolite . . . • 

Momren, extinct volcano near 
Moraines, at low levels 
Mordr group 


Morung . 
Motur group 
Mud volcanoes 
Multani mitti 
Murchisonite 
Murree beds 
Muscovite 
Muth series 


114. 


32, 34 
340. 395 
xB 

14, 484 
. 65, 66 
. 438 

, 167 

. 20 

. 308 

34 

349. 355. 4^57 
3^.44 
1x5. *29, 137 


N 


Ndgari quartzites ... 80 

Naban group . • • 356.3^4 

„ absence of pebbles in 4^5. 47^ 

fossils • • • 35^» 358 

Nallamalai group • • 81,90 
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Nandiil shales .... 86 

Narakal, smooth water anchorage 405 
Narbada river, alluvia! plains . 396, 

397 » 431*436 

j, ,5 formed In a rock 

basin . 39^; 495 

„ supposed former course 

of • . . 39^ 

Narcondam Island • . . 17 

Nari group • . . 308,312 

„ relation to Gdj . . 309^3^2 

„ relation to Kirthar . 309, 310 

Narji limestone * , « 86 

Natrolite . . * ,176 

Needle shales . . . *157 

Negrais rocks • . U 5 * 336 * 344 

Neobolus beds , . , 109,113 

Neocomian, Afghdnistdn . 196, 294 

„ Ammonites in Sriper- 

matur group 182, 207, 208 
„ Cutch 152, 207, 216, 286 
„ Hazdra . . . 286 

„ Salt- Range . .286 

Nepdl valley, subrecent deposits 42! 
Newcastle beds . 198, 200, 206 

Nimar sandstone • . . 253 

Nodular limestone group . . 249 

Nummulites, cretaceous in Balu- • 

chistdn . • . * 291 

,, at high altitudes in 

Himalayas . 347,477 

Niimmulitic group of Cutch 320, 32 1 
„ limestone, hill type 352, 354 

„ sea, extent of • . 494 


Oblique lamination, see false 
bedding, 

Obolusheds . , . 109,113 

Olenellus . . . * .113 

Oligoclase . . . ♦ 30, 44 

Olive shales, Sind , * . 28S 

Olivine . . . . 1 75, 259 

Ongole area of upper Gondwanas 181 
Oolitic relationships of Raj- 

mahal flora . ^ 193 

iOoiHte, golden , .219 

Ortho^; as, 2^365- 


Pachmarhf group . . ♦ 172 

Pakhal series , . , 89, 92, 108 

„ identified with Fengangd 

beds «... 902 

PalSBontological anomaly, crela- 

ceous, Baluchistan , 21 1 

„ South India 231, 236, 238, 

242, 244 

„ Cutch Jurassic 195, 224, 225, 229 

„ Kota MaI6ri group , 196 

„ Siwalik , , . 361 

„ Umia group . . 195*224 

Palseozoic and inesozoic, absence 

of break between . , , ng 

Paighdt group possibly an old 

■ river valley . ■ . . * , 495 

Panchet group , , , 166,170 

», age . 201, 204, 207, 208 

„ alliances of flora 193, 194, 200, 

•204" 

,, fossil in Kota- 1^1 aleri group 189 
n undeccmposed felspar in 170, 


Pdniam group . • • . 86 

Panjil conglomerate, glacial 

origin of . . S35, 136 

„ „ gneissose granite 

blocks in , . 44 

Panjd! system . » ,116, 134 

Papaghnl group , , . 79 

Pdr sandstone ... • % 

Pdra limestone * , , * 130 

Paradoxides beds, represented in 

Salt Range . . , * 113 

Farihar sandstones . . • 227 

Patcham group 217, 218, 22I, 226 

' Patthargatta, supposed older allu- 
vium at , , . . 428 

Pdvuiur group * . , 156,181 

Peat * ^ 10,404,415,421,434 

Pebbles, deformation of 49, 54, 59 

Pegmatite . * 27, 3G 5 ^> w; 

'Pegugnmp . * * 336 * 33 B* 34 o 

Pellety laterite . » * 384 

Pengangd beds • ; . , 90 

' . , ■ valley, glacial action in 158, 

' ' ^ ' ’ ' '^^3 

Penteiilar area,*7- ' 

" ■' disttitbance , 1 

, * ‘ ^ * 2,^ 5^ 494 
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^ seiido breccia o*’ conglomerate 292, 291 


msulir area, antiquity of drainage 
system . . 153* 

former extension into 
Assam . . 44-3» 

jj connection with 

Africa 209,253, 
mountain ranges ; 


yrites 

pyroxene 


Quartz amygdules- 171 

Quartz, anhydrite inclusions in 
„ bi pyramidal crystals 

„ trihedral 
Quartz reefs 

Quartzose schist . * 


possible recent submer- 
gence * 

Penner, alluvial gravels 
Peridots te . . * • • 

Perim Island, upper tertiary 
fauna - ^ 34* 

Permian g‘lacsal period • • 

„ relationship of Bijori 
fauna ...» 
Gi ndwana floras , 
Permo-carboniferous, Salt range 121 
Petroleum . 292, 331,336, 


Ragavapuram shales 180, 183, i8.|. 

Raialo group b8, 69 

Hain marks . * * .96 

Raised beaches on Arakan coast ll 
Rdjdmahendri, infratrappean 26S, 280 
„ interlrappean 270, 280 

Rajmahdl group . 175, 

„ age 203, 207 

„ flora 177,183,188 

„ „ relation to Euro- 

pean floras 192, 191. 
Rdjmahdl series 49, * 55 , *74 

„ connection in Uitenhage 

series 182, 205 

„ outliers on east coast 152, 178, 


„ in mud volcanoes 
Phlogopite * , . . 

Piker mi fauna ... * 

Pinnacled quartzites . 

Pistacite . * \ ^ 

Plain of marine denudation 

„ east coast ^ 

„ west coast 3^ 

Plant fossils, uncertainty of relation 
ships in| • - * 

Plaianista . . • • 

Plateau quartzites * 

Pokaran, glacial beds and roche 
m(^uimnS^s * • • • 

Poonahlite # * • ' 

Porceilanic beds (hornstone) 66 
Porebandar stone 
Potwdr, erratics ^ ^ *4, 4 

pyllveidala subdivision 
Pulkpa ikhists . ^ • • 

Pullampet slates' ^ • 

IPumice, of Pupps.‘ ; * , > 

Puppa* extinct volcano- of . • 
Furtia alintial plains ‘ , 3' 


Rdjmahdl trap 75>4*2 

,, correlation with Sylhet 

traps 6i, 150, 176 

„ dykes in Damuda series 31, 177 
„ foci of eruption . . 176 

connection in Deccan 
trap *76, 279 

Pamrf, mud volcanoes of • .20 

Rdniganj group . « 162, 166, 167 

„ age ... . 197 

,, coal « . • *6i, 1 66 

„ flora . . . .163 

Rdnfkot group . • • • 283 

„ fossils in Himalayas and 

Salt range . • - 354 

„ relation to Kirthar 303, 306, 307 
Rann of Cutch . 11*13,215,408,453 

Red sand hills . . . - • 4*6 

Red soil . . . • • 4*0 


S40 


GEGLOGY OF INDIA. 



PAGE 



410' 

j . : Serpentine rock . , 28, 30, So 

. -Mr- , Afgh/misf<in 143,292 

.^00 . .' »> ' Arakan Yoma 145,146 

107 ^ « Manipur , 147 

Shillong quartzites ' ''vv45s:.fe,^29S :: 

j Shrishaiani quartzites * 'S2 

.. ■ ■■ Siiicified woa4 Hliiffid • * 88 

Cretapoiis, South 
India. ■' ■ ■ ^ '■'■..■235 

Cuddalore * ^ * 393 

' . ^ Godavari alluvkim 402 

' ,,, ■■■ ■„ upper tertiary 341,346 

Silurian, newer rocks eolonred as, 

'in .Himalayas,,' • 

.jj,'-' : ■ probable prt\seiicejn 'Ten* 

' ' ' asserini' ,142: 

','. 3 '^' , , ■ '.'yj. -siippO'Sed, : 'Occurrence in 

KhaibarFass. ■ ; ''Lir;.' 

sea, exteitt of ' , ,:.'492.^ 

^ Silver ■ ■ « • ... ' , ' .• ' ',,45, ■■'63.' 

^3.1 ■; Simla 'slates \ : 1 15, I'l?,: 132 

Singhe la, nummiiiitic outlier , 347 

Sirmur series . . . 349,4% 

^7 Sitsyahn shales , • • , 339 

■','„:826 'Siwalik series,: age. of t.he" 31,41.' '359': 

Assam'^:: 

Burma . . • 338 

Cutch and Katliiwar 322, 

' ■■^^'•"324::' 

fauna 316.319. 324* 34 b 359 
Sind and Baldchislin 35b, ■■ 
46s 

Sub- Himalayan area 356, 465 
„ analogy , with 
Vindhyan out* 
licrs on Ard^ 
valiis * * 104 

' „ formed during 

subsidence , 470 

. „ gneiss tnlier in * 45 

relation to river 
valleys* 358,469 
upper beds 
Coarsest . 358 

^ 5 ^ Smooth water anchorages • , 405 

Soda, native sesquicarbdnate of * 19 

Speckled sandstone group * 120* 206 

’ Spintangi limestone .■ d 307,318 

SpM-shales' ’ ':}/ • » 228,229 

... ., . I : .’ Srip^rmatdr,... cw^.acco,us ,lo5si,l$.„at........ ..' . .2.44’ 
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range . * , . , 8 
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Sandstone, flexible in Ahvar group 
tf Talchir group . 
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„ neck, supposed, in 


area * ■, ■ ■. , 
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, . ■ Bijawar , , * , ■ • 5^> 54 
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Wood, fossil, sitcified, Bhimd . 88 
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„ „ upper tertiary 341, 342, 355 
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